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The Broader View 


AKE a proposition for social or 

industrial or political reform to 
the men that you meet in the ordi- 
nary walks of life and see how many 
of them are broad enough to appraise 
it from the point of view of its 
probable effect upon the common 
good. 


Watch the instinct of seif-preserva- 
tion assert itself. See the individual 
pass in quick review the bearing of 
the proposition upon his individual 
interests and chances. And if it 
appears not to favor his class, watch 
the sophistry with which he convinces 
himself and tries to convince you that 
it is a pitfall and a snare, subversive 
of law and order, a threat to the 
sanctity of the home and an assault 
upon the foundatioa stones of civil- 
ization. 


Most of the big forward move- 
ments of the race have been won 
against this kind of opposition, the 


smug complacency of those who are 
thriving under the established order 
and shrink from any move even to 
correct acknowledged abuses or to 
adjust the rules and practices of 
communal life to rapidly changing 
conditions. 


I appreciate that progress had 
better be evolutionary and not revol- 
utionary, that solid growth and 
developmen: takes time. T. Kennard 
Thompson said recently that it takes 
three weeks of gently applied warmth 
to make a chicken. If you apply the 
same number of B.t.u.’s in four 
minutes you get nothing but a hard- 


boiled egg. 


But motion forward will be sufh- 
ciently weighted with natural inertia 
and the sober judgment of intelligent 
thinking without 
having to over- 
come the drag of Gye 
obstinate _ self- ‘F}]- /aogw 
interest. 
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New Plant at Fort Dodge Shows 
High Economy 


plants in the Middle West has been completed 
within the past few months by the Northwestern 
Manufacturing Co., a subsidiary of the United Light & 
Power Co., and is now supplying Fort Dodge, Iowa, and 
the surrounding community with light and power. The 
gypsum mines in this vicinity require considerable 
power to grind the ore, and with other industries 
springing up, there is promise of a growing industrial 
load. At present the load averages about 1,200 kw. with 
peaks up to 2,000 kw. The new plant has been designed 
to care for a maximum load of 5,000 kw. and has been 
built with a view to extension whenever necessary. It 
replaces a two-unit turbine plant of 2,400-kw. capacity 
that had become obsolete, inefficient and too small for 
the prospective load. Another serious drawback was its 
location away from a natural water supply. 
Greater capacity for the growing load and higher 
economy were the factors calling for the new plant, and 
to be near an ample 


()®: of the most modern small central station 


at 235 lb. gage and superheat of 150 deg. F., were 
installed. Underfeed stokers are set under the low end 
of the boiler, which is 12 ft. above the floor, and the 
furnace extends to the rear wall with an effective com- 
bustion volume of 2,267 cubic feet. 

Both the stoker and the clinker grinders are driven 
by direct-current motors. The ashes accumulate in a 
hopper of 622 cu.ft. capacity and are raked out into 
industrial cars, these cars being pushed outside the 
building by hand and dumped into a skip hoist which 
discharges the ashes into a corner of the coal-storage 
pit shown in Fig. 6, where they are picked up by the 
locomotive crane used for coal handling and loaded into 
railway cars. It will be noticed that provision is also 
made to collect the siftings from the stoker in the 
industrial cars. 

With data from anticipated performance curves as a 
guide, it was decided to install boilers with 4,940 sq.ft. 
of surface and economizers with 2,400 sq.ft. Six-retort 
extra-long stokers were 








water supply a site on 
the Des Moines River 
was selected. In the 


LANT of 5,000-kw. capacity using steam 550 


selected to give suffi- 
cient coal-burning 
capacity for operation 


new plant refinements 
common to much larger 
stations are to be 
found. The station has 
a two-effect evaporator 
system, as the river 
water contains certain 


deg. F., shows boiler-room economy of 85 per 
cent. Equipped with economizers, two effect 
evaporator system with bleeding from main units, 
underfeed stokers to burn Iowa and [Illinois coal, 
two induced-draft fans per boiler and motor drive 
for auxiliaries. Coal-handling installation simple. 


up to 300 per cent of 
rating. Normally, 
operation will be at 160 
per cent of rating, 
which is a good point 
on the efficiency curve. 











salts that cannot be re- 


To prevent difficulties 











from clinker, it was de- 





moved by the usual hot 

or cold process systems. Economizers were considered 
a good investment, and provision has been made for 
the installation later of air preheaters. Steam is bled 
from each of the main generating units to heat the 
boiler-feed water. Underfeed stokers are installed to 
burn Iowa and Illinois coal. The forced- and induced- 
draft fan installations are interesting, particularly the 
latter with double fan units per boiler. The coal- 
handling facilities are unusually simple and of low 
initial cost. With certain exceptions motors are em- 
ployed generally for auxiliary drive, direct-current mo- 
tors being installed where variable speed is desirable. 
The plant has an excellent job of piping, and much 
attention has been given to appearances, particularly in 
the turbine room with its terrazo floor of Italian marble 
chips, blocked and paneled, walls of salt-glazed brick 
light buff in color and darker for the wainscoting and 
large areas of glass in metal frames. It will be shown 
later that the economy for so small a plant is excep- 
tional, approximating on test 85 per cent over boiler and 
economizer. 

To carry the present load, a new 3,000-kw. turbo- 
generator has been installed and a 2,000-kw. machine 
from the old plant has been rebuilt and put in service 
as a stand-by unit. The plant is just large enough to 
house these units and their complement of three boilers, 
but has a temporary end to facilitate future extension. 

For this generating capacity three cross-drum boilers 
designed for a working pressure of 250 Ib., but operated 





sired to keep combus- 
tion rates below 50 lb. per square foot of grate area. 

The economizers are of the new single-pass counter- 
flow design, arranged for bypassing the gases at the 
higher ratings, it being considered more economical to 
waste the heat during the short peak periods than to 
increase the investment for fan equipment to take care 
of excessive requirements. An interesting feature is 
the provision of two fan units to handle the gases, one 
being driven by a direct-current motor and the other 
by a constant-speed induction motor. One fan takes 
care of the load up to 150 per cent of rating and for 
additional capacity the second fan is started, the speed 
variation being secured with the direct-current motor. 
Both fans are under push-button control from the con- 
trol panel on the boiler-room floor. 

Each fan draws on the economizer and discharges 
into the base of the stack, of which there is one per 
boiler resting on the fan casing, which is reinforced by 
heavy channels. There is a damper on each fan intake 
operated by a chain from the boiler-room floor. One 
of the operating difficulties anticipated with this ar- 
rangement is the proper opening and closing of the 
damper with the starting and stopping of the second 
fan unit. 

For forced draft an excellent layout of fans and ducts 
has been made in the boiler-room basement, the space 
allotted for this purpose being sealed off from the ash 
tunnel. There is a fan for each boiler, two of them 
being driven by direct-current motors having a speed 
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range from 300 to 1,200 r.p.m., and the other fan has 
the same speed range with direct turbine drive. As in 
the case of the induced-draft fan motors, push-button 
control from the boiler-room panel has been arranged. 
The fans discharge into a common duct with sectional- 
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ity of 50 tons per lineal foot was built adjacent to the 
boiler room and provided with two tracks, one for the 
locomotive crane and the other for the incoming coal 
cars. The coal is dumped directly into the pit, picked 
up by the crane and transferred to the overhead 











Fig. 1—Exterior of plant showing coal-handling system. 


[ draft fanroom. 
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| Figs. 1 to 5—Views in the Fort Dodge station 
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Fig. 4—Firing aisle in boiler room. 











Fig. 3—Forced- 


Fig, 2—Induced-draft fan installation. 
Fig. 5—Boiler-control board 














izing dampers, and in the branch ducts to the respective 
stokers provision has been made for air preheaters that 
will utilize steam bled from the main generating unit. 
Coal handling is simple and had to be compact, as 
the width of the site is limited. The equipment con- 
sists principally of a locomotive crane with a 50-ft. 
boom, costing $8,800 as compared to, say, $30,000 for 
a typical conveyor system. A concrete pit with a capac- 









bunker, or from car to bunker as may be desired. The 
bunker has a capacity exceeding 300 tons. 

Although the locomotive crane is a most reliable 
piece of equipment, still it was deemed advisable to 
provide an emergency plan for getting coal to the stok- 
ers to insure operation in case of a breakdown. At the 
top of the storage bin doors have been provided in the 
boiler-room wall from which a trestle may be built to 
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the stoker hoppers. The coal may be brought in on the 
track nearest the plant and transferred from car to 
stoker hopper by means of wheelbarrows. It is not 
probable that there ever will be occasion to follow this 
plan, but the alternate path to the stoker is there at 
small expense should it be needed. 

Water for the plant comes primarily from the Des 
Moines River. Although the makeup water has been 
reduced to 2 per cent, it is purified in a two-effect 
evaporator system before being introduced into the con- 
densate from the condensers of the main generating 
units. The evaporator has a capacity of 5,500 Ib. per 
hour. The makeup is received in the evaporator feed 
open heater under float control and the temperature 
of the water raised to 210 deg. F. by exhaust steam 
from steam-using auxiliaries, such as the exciter, two 
boiler-feed pumps and a turbine-driven forced-draft 
fan, supplemented if necessary with steam bled from 
the main generating units. The raw water is pumped 
into the first- and second-effect evaporators under float 
control and eventually finds its way into the boiler-feed 
open heater in which a temperature of 175 deg. is main- 
tained. For the evaporator high-pressure saturated 
steam is drawn from the boiler side of the superheaters. 

Condensate from the main con- 
densers is pumped to a 5,000-gal. 
surge tank provided with an 
overflow so that any temporary 
surplus may be conserved in a 
7,000-gal. storage chamber under 
the turbine-room basement floor, 
this distilled water being re- 
turned to the surge tank when 
the water level falls below a pre- 
determined point. The water 
level must be determined by 
watching a gage glass on the 
surge tank, but as the capacity is 
large there is no immediate 
danger of low water in the 
boilers. 

From the surge tank the con- 
densate is forced by a booster 
pump and gravity through water 
backs in the rear walls of the 
boiler settings, then through a 
closed heater where the rise in 
temperature aproximates 20 deg., 
to the boiler-feed open heater. 
The steam for the closed heater 
is bled from the main turbine at 
4 lb. abs., and the vacuum on 
this heater is maintained by a 
small dry vacuum pump which 
takes care of both air and con- 
densate. From the heater, three 
pumps, each of 250 gal. per min. 
capacity, two turbine- and one 
motor-driven, pass the feed 
water through the economizers 
into a ring header supplying the 
boilers. From the header there 
are two connections to each 
boiler, one with automatic water- 
level regulators and the other 
line arranged for hand control. 

Piping in the plant has been 
well arranged. Ample provision 
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Fig. 6—Sectijonal elevation through power plant 
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has been made to care for expansion, and the 
method of support is interesting. For high-pressure 
steam, extra-heavy lap-welded steel piping has been used 
and equipped with steel valves of the 250-lb. standard, 
cast-steel fittings and copper asbestos gaskets. Individ- 
ual 6-in. leaders from each of the three boilers terminate 
in a common 10-in. header below the boiler-room floor 
level just long enough to accommodate these connec- 
tions and the 6-in. leads to each turbine. The steam- 
using auxiliaries in this plant are supplied from an 
auxiliary header taken off either leg of a U-loop con- 
nected to the main header on either side of a sectionaliz- 
ing valve. A drip connection from the bottom of this 
loop drains both headers. This detail, as well as the 
method of supporting the piping is shown in Fig. 8. 
The main header is supported and anchored to the con- 
crete building column by a large cast-iron clamp bracket. 
Stress rods from the bracket to the girders take the 
thrust either way, and turnbuckle rods attached to the 
columns support and hold the boiler leaders in line. 
The method of supporting the horizontal section of the 
piping under the boiler-room floor and the auxiliary 
header is also indicated in detail in Fig. 8. 

One of the interesting features in the boiler room 
is the instrument and control board, which is located 
in front of the boilers in plain view of the firemen. 
As previously indicated, this contains the push-button 
control for the forced- and induced-draft fan motors, 
drum controllers for the stoker and clinker grinder 
motors, an ammeter for each motor, a flow meter for 
each boiler giving the steam flow, air flow and the 
furnace draft; recording thermometers to give gas tem- 
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Fig. 7—Heat diagram of boiler-feed system 


peratures in and out and water temperatures out of 
the economizers, and other recording thermometers in 
the mechanical soot blower and blowdown lines to 
record the periods of operation, and a three-pen record- 
ing thermometer giving feed-water temperatures enter- 
ing the closed and open heaters and the economizers. 
Five-pointer draft gages give the air pressure at the 
forced-draft fan, the windbox pressure and the drafts 
over the fire and at the inlet and outlet of the econo- 
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mizer. The difference in the last two readings show- 
ing the draft loss through the economizer, indicates 
when cleaning is required. For this purpose both steam 
jets and water flushing are employed. Coal is weighed 
in the traveling larry as it is introduced into the stoker 
hopper, and the feed water is measured by a flow meter. 
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Fig. 8—Pipe supports and anchors for 
superheated steam mains 


With this complement of instruments, full operating 
data are available and the operator should have no 
difficulty in visualizing operating conditions in the 
boiler plant. 


SEVEN-Hour TEST OF BOILER PERFORMANCE 


To check up boiler performance, a seven-hour test was 
conducted on June 3 on one of the boilers operating at 
about 100 per cent rating. It was desired to run tests 
at 125, 150 and 175 per cent of rating, but the load 
at the time was not sufficient to permit runs of the 
duration desired. Readings of indicating instruments, 
including CO, analysis of flue gases leaving the boiler, 
were taken every ten minutes. The slowest stoker 
speed, with the coal used in this test, resulted in a 
rating of about 125 per cent. It was therefore neces- 
sary to stop the stoker about five minutes every half 
hour to maintain operation near the 100 per cent rating. 
The results from the tests are given in the accompany- 
ing table. The superheat of 100 deg. obtained exceeds 
the predetermined value by 15 deg. Another point of 
interest is the fact that the water leaves the counter- 
flow economizer at a temperature one degree higher 
than that of the gases leaving the economizer, the 
seven-hour average being 287 and 286 deg. F., respec- 
tively. Looking farther along in the test, it will be seen 
that the evaporation per pound of coal as fired was 
9.24 and the equivalent evaporation per pound of dry 
coal, 11.34, this being obtained with Southern Illinois 
Harrisburg coal of 13,002 B.t.u. per pound on the dry 
basis. The average combined efficiency with and with- 
out the economizer was 84.63 and 75.9 per cent respec- 
tively. 

In the turbine room the equipment consists of one 
new 3,000-kw. turbo-generator with direct-connected ex- 
citer and the 2,000-kw. rebuilt machine from the old 
plant. The former is used to carry the load and the 
latter is a stand-by unit, the reason being evident from 
Fig. 9, which shows the water rates of the two machines 
at 28 and 29 in. vacuum and initial steam conditions of 
225 lb. gage and 150 deg. superheat. Between the most 
economical points of these two machines there is a differ- 
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ence of 14 lb. of steam per kilowatt-hour, and for a load 
of 2,000 kw., the new machine is one pound better than 
the older unit when operating on a 29-in. vacuum. The 
rebuilding of the 2,000-kw. turbine improved the econ- 
omy about one pound per kilowatt-hour as compared to 
the water rate obtainable at the time of its installation 
in 1918. Both generators deliver three-phase 60-cycle 
current at 6,600 volts, but the new machine has been 
insulated for a change to 13,200 volts should this be 
desirable at a later date. Closed systems of air cooling 
are provided for the generators. Both units are served 
by surface condensers, the smaller by a two-pass con- 
denser containing 2 sq.ft. per kilowatt of rating and the 
larger by a single-pass condenser containing 2} sq.ft. 
per kilowatt. The former has two circulating pumps of 
the same size driven by constant-speed induction motors 
and the latter, two circulating pumps, one of 10,000 and 
the other of 4,000 gal. per min. capacity. The latter 
pump cares for winter conditions and the 10,000-gal. 
pump supplies sufficient water except in extremely hot 
weather, when the two pumps will be operated. For the 
smaller unit, a combination condensate and hurling water 
air pump is employed and for the new unit an independ- 
ent motor-driven condensate pump and a _ two-stage 
single-cylinder dry vacuum pump driven by a slip-ring 
induction motor. 

To provide sufficient cooling water during summer to 
keep the plant in operation, a low dam has been built 
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across the river. Raising the elevation of the water 
incidentally saved some excavation for the turbine- 
room basement. Provision is made to recirculate the 
water during the coldest months. 

For excitation the new unit has a direct-connected 
exciter, and as a reserve a dual-drive 50-kw. machine 
has been provided. Direct-current power for the aux- 
iliaries is furnished normally by a 120-kw., three-unit 
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motor-generator set, consisting of an 185-hp. 2,300-volt 
motor and two 60-kw. 125-volt direct-current gene- 
rators. This machine had been used formerly on 
110/220-volt three-wire service but was converted for 
straight 110-volt operation. A 150-kw. turbine-driven 














Fig. 10—New 3,000-kw. turbo-generator 


geared unit serves as a stand-by for direct-current 
power, while 440-volt alternating-current power for 
house service is taken from the 2,300-volt bus through a 
bank of three 100-kva. transformers, no reserve being 
provided. 


RESULTS OF TEST ON ONE BOILER 
Kind of coal.. 
Date.. 


Duration of test, hours. . 


Average Semen ont Pemperatees 
Temperature of air, deg. F. 
Barometric pressure, in. of mercury.. 
Steam pressure in drum, lb. per sq. in.. 
Steam pressure in header, lb. per sq 
Temperature water leaving wasen nek, de: 
Temperature water leaving closed heater, ty a 
Temperature water leaving open heater, deg. F 
Temperature water leaving economizer, deg. F.. 
Temperature flue gases leaving boiler, deg. F.... 
Temperature flue gases leaving economizer, deg. F. 
Windbox pressure, in, of mercury. SRE 
Draft over fire, in. of mercury. . ; 
Draft at economizer inlet, in. of mercury. 
Draft at economizer outlet, in. of mercury. 
Absolute steam pressure, Ib. per sq.in.. 
Total steam temperature, deg. F.. 
Saturated steam temperature, deg. F.. 
Superheat, deg. F 
Total heat of steam, B.t.u.. = 
Heat of liqu | eer 
Heat supp ied by boiler and economizer. .. 
Heat supplied by economizer.. 
Heat supplied by boiler 
Factor of evaporation boiler and exonomizer. 
Total Quantities 
Weight coal as fired, Ib................. 
Per cent moisture 
Weight dry coal, Ib 
Per cent ash 
Weight water, actual evaporation, lb. . 
Equivalent evaporation, lb : 
weyeeet Hourly Quantities 

Coal per hour as fired, Ib.. 
Dry coal per hour, Ib. . 
Water evaporated per hour, lb.. 
Bquivalent evaporation per hour, Ib. 
Equivalent evaporation per sq.ft. of h.s. per hour, lb... 

Capacity 
Equivalent evaporation ond en Ih. 
Per cent builder’s rating.. 
Stoker speed, r.p.h.. 
Coal as fired per retort per rev., lb.. 
Dry coal per sq.ft. grate per hour, Ib.. 

pn 
Water per lb. coal as fired, lb.. 
Water per lb. dry coal, Ib... 
Equivalent evaporation per Ib. dry coal, lb. 

Efficiency 
B.t.u. coal as fired... 
B.t.u. dry coal. . 
Combined efficiency with economizer, per cent. . 
Combined efficiency without economizer... . 


Analyses 
Coal—Moisture.... 
Volatile... .. 
— carbon.. 


Combustible i in 1 ash.. 
Per cent COg in flue gas leavi ing boiler 
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The electrical switching and control equipment has 
been arranged at three levels in alcoves off the turbine 
room. The switchboard and induction regulators have 


been placed on the main floor. On the balcony above are 
the 6,600-volt buses, main and auxiliary, and on the 
floor below are the 2,300-volt buses and the 440-volt 
house-service buses. Distribution within the city is 
made at the lower voltage and the outlying power serv- 
ice is sent out at 6,600 volts. At either level the bus 
structures are made up of open-pipe framework. Out- 
going lines are carried down to the conduit tunnel and 
from here pass out to the poles of the overhead lines, or 
to the outdoor substation containing the 2,300- to 6,600- 
volt transformers, forming the link between the two 
sets of buses, and the house-service transformers for 
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the 440-volt station service. All circuits from the 2,300- 
and 6,600-volt buses are provided with definite time 
induction relays. The generators have differential relay 
protection which also trips out the field circuit breaker 
when an internal disturbance in the generator occurs. 
The exciters are provided with reverse-current relays 
and shunt-tripped circuit breakers, this being con- 
sidered advisable, as the exciters are compound-wound 
and one of them is direct-connected to the main unit. 

The design of the entire station including the build- 
ing and the construction work was carried out by the 
engineering department of the company, with G. T. 
Shoemaker in charge, assisted by E. H. Throckmorton 
on mechanical design, M. E. Strom on the electrical 
work and Edward Leech, architect. 


PRINCIPAL EQUIPMENT IN FORT DODGE PLANT OF THE NORTHWESTERN MANUFACTURING CO. 


GENERAL 


Location of plant.. 
Character of service...............sccsccececcescees 
Capacity present building, | kw 


..Fort Dodge, Iowa 
L _ and Power 


NINE a2 05 075.5 Girsve 0555 9 aia ce bcm garam Rio eGR IBIS ore 50x79 
Turbine room, Rt acy eee ens Ue aetna aera aie ss 54x75 
Space in tA RO oe a ee, ean ha eee 18 


BOILERS AND SUPERHEATERS 


Manufacturer... . . 
Type of boiler... ... 
Number installed 


.. Springfield Boiler Co. 
.. Water tube, cross-drum 
ere eect 3 


Steam making surface per boiler, sq.ft.............. : 4,940 
Ratio steam-making surface to projected grate area... .. 32.3 tol 
CoS eee eee a 


Sq.ft. steam-making surface per cu.ft. furnace volume.. A 

Cu.ft. of furnace volume sq.ft. of projected grate area.. 48 
Arrangement of tubes.. i i groups ‘high, 12 sections wide 
Size of tubes.. Se eee 3 in. outside diameter, 20 ft. long 
Boiler-operating pressure, lb. gage. : 235 


Superheat, deg. F.............. 150 
Steam temperature, deg. F....... 2... cece cceess 551 
IEE rte Oe Power Specialty Co. 
Type.. eae Ne enti hire Maia kt va peete tates ls . Convection 
Fa atl sq. “EE ROO ENN ie RU Hahak Oomty eerie ; ; i 
WOR GOR GE WNC INORUIINS BRIO «os. 55 5s iene ie cei ceee wens 48.6 
ECONOMIZERS 
SSC RS CORTE POR AO PETE Power Specialty Co. 
Type.... Foster single-pass 
, Renee Nae arn ; 
Surface, outside, oS Se eee ne Perersient %: - 
Per cent of steam-making RS oikic covets Stier eee cee en 48.6 
Method Of GIOAMING... ....... cc ccccsee Diamond soot blowers and water flushing 
FORCED- AND INDUCED-DRAFT FANS 
ee TE SRE A RE SOE A RR RR Green Fuel Economizer Co 


Forced-draft fans, double inlet, radial flow.. 
Capacity cu.ft. per = eee ees aa 

Drive....... ..Two G.E. 50-hp., 
Speed range of motors and turbine... 
Control. 


40,000 
d.c. motors and one 7 >. Terry turbine 

300 to 1,200 r.p.m. 
Push button and small rheostat on boiler-control pane 
Induced-draft fans, steel plate, single inlet.. : 6 
Capacity at 418 deg. and 4-in. static press., cu.ft. per min............ 18,500 
VALS RAPIER ict PATS Three G.E. 25- hp. d.c. motors, 300 to 900 r.p.m. and 


Drive. 
three G.E. 25-hp. ind. motors, 900 r.p.m. 
Is icc car ecnrroemeeenceers Push button from boiler-control panel 
STACKS 

IN 85a ose Sn Ses SiesIeS .Cullen ~ 
—— MSIE IID iisis Sc sou 4a ob Spare Redes , 
Gs oor oars 3 : Stub steel, tins 
Support . oh ah erenv tare ten ena: tare Rest on fan casing, lateral guys 
Height above fan, SSS ORNL: =e : ; 40 
Diameter, ft.. are etey arilaro taielS aches caPeresmiaevs : 5 

STOKERS 


Manufacturer... American Engineering Co. 


Type.. ‘Taylor underfeed, 6 retort, 29 tuyere 
Number.. 3 
Projected grate area, sq. ft. 153 
Ratio steam-making ‘surface to projected ee a rey er 32.3 to I 
Drive.. GE. 5 hp., d.c. motor 


Drive clinker grinders. . . G.E. 1} hp., d.c. motor 


BOILER-FEED PUMPS 
Two 3-in., 250 g.p.m., 3-stage and 4-stage Wheeler Condenser & Engineering _ 


Tive.... Direct turbine, 2,800 r. 
One 3-in., 250 g.p.m., 4-stage Camercn.. Ingersoll- Ran Co. 
Drive.. WwW estinghouse 100-hp. slip-ring motor, 1,800 r.p.m. 
wd house pump, 2} in., 250 g.p.m. /heeler Condenser & Engineering Co. 
BO sca eccwessaupeweeess Ind. motor, 25 hp., 1,800 r.p.m. 
EVAPORATOR 
promstostuner Bik le era ata <p Pareles atta, alla oo aah alin tce teaver Griscom-Russell Co. 
— eee 1 


} 4 one Ib. per hour... 


High-pressure, two-effect 





HEATERS 


Boiler-feed open heater... . 


. .Griscom-Russell Co. 
Closed heater. 


Griscom-Russell Co. 


COAL AND ASH HANDLING 


Electric locomotive crane, 40-cu.ft. bucket...... Brown Hoisting Machinery Co. 
Overhead bunker, Brownhoist, 320 tons........ Brown Hoisting Machinery Co 
Traveling weigh larry, 1,000 lb., hand operated 

Brown eee Machinery Co. 
Skip hoist to elevate ash, 10 tons per hour. . i Jeffrey Mfg. Co. 


MAIN GENERATING UNITS 


ee General Electric Co. 
Capacity kw. at 80 per cent p.f... . 3,000 2,000 
Turbine.. 15-stage 4 
Bleeding pressure, Ib. abs................ 4 4 
Pressure at throttle, Ib. gage.. 225 225 
Superheat at throttle, deg. F.... 150 150 
eS 3,600 3,600 
ES rrr re .3-phase, 60-cycle, 6,600-volt 

15,000 9,000 


Ventilating ‘air, closed systems, cu.ft. per min. 


Air coolers...... General Elec. Co. , Griscom-Russell Co. 
Exciter, direct-connected......... 125-volt, 24-kw. 
Exciter, 50-kw., dual drive, turbine and motor.. "Westinghouse E ag & Mfg. Co. 
Three-unit motor-generator set, 185-hp. ind. motor and two 60-kw. d.c. generators 
Westinghouse Elec. & Mfg. Co. 

150-kw., 125-volt, d.c. generator, 7,200 to 900 r.p.m., 


Westinghouse Elec. & Mfg. Co. 


Turbo-generator, geared, 


CONDENSERS 


Worthington Pump & Mach. Corp. 
Surface, single-pass 
7,750 


2.52 


Manufacturer.. 


ype.. 
The SY eae 
Surface per kw. of unit rating, sq. ft.. 
Circulating pumps 
One 4,000 g.p.m., driven by 30-h ay ; ind. motor, 720 r.p.m. 
One 10, 000 g.p.m., driven by 60-h “ motor, 450 r.p.m. 
Condensate pump, 3 in., 2-stage drive ae Yq GE. ind. motor 
Dry vacuum pump, 21x14-in., two stage, single-cylinder, Laidlaw feather valve, 
driven by 30-hp. G.E. slip-ring motor, 900 r.p.m. 
Manufacturer.... . Westinghouse Elec. & Mfg. Co. 
Type. Surface, two-pass 
Saleen, sq. Ree 4,000 
Surface per kw. of unit rating, sq.ft.. 
Circulating pumps, two 2,500 g.p.m. or 4, 000 ¢. p.m. - combined capacity; 
0-hp. ind. motor, 690 = 
Ccmbination condensate and hurling water air pump, drive 25-hp. ind. motor. 


drive 


MISCELLANEOUS EQUIPMENT 


One turbine-room crane, 50-ton.. . 
Mechanical soot blowers. . . 
Steam traps.......... 

Steam mee ie 

Oil filter.. 

Water columns.. 

Feed-water regulators, Copes... 
Piping.. e 

Pipe covering. .. 

Steam valves. 

Stop and check valves... 
Blowoff valves. 

Safety valves, consolidated. 
Atmospheric relief valves... . 
Draft gages, 5 pointer 
Steam-flow meters.... 
Feed-water me‘er... 

Indicating pressure gages. 
Recording pressure gages... 
Recording thermometers.. 


.... Whiting Corporation 
Diamond Power Specialty Corp. 
Strong, Carlisle & Hammond Co. 
Griscom-Russell Co. 

8 Bowser & Co. 

Reliance Gauge Column Co. 
Northern Equipment Co. 
and Walworth Mfg. Co. 
Johns-Manville, Ine. 
Lunkenheimer Co. 
Lunkenheimer Co. 
Yarnall-Waring Co. 
Manning, Maxwell & Moore 
Edward Valve & Mfg. Co. 
Bailey Meter Co. 

Bailey Meter Co. 

Bailey Meter Co, 

.. Foxboro Co, 

... Foxboro Co. 

. .Foxboro Co. 


Crane Co. 


ELECTRICAL EQUIPMENT 


.. Westinghouse Elec. & Mfg. Co. 
._. Westinghouse Elec. & Mfg. Co. 
yereeen - Elec. & Mfg. Co. 
General Electric Co, 


Switchboards............ 
Instruments.... . ; 
Oil circuit breakers............. 
Induction regulators........... 
ee 
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Dutch Ovens for Bagasse 


Practical Experiences with Three Types of Settings—Dutch Oven with Auxiliary 
Combustion Chamber Gave Best Results—Formation of “Moss” 


writer’s experience have been confined to wet 
sawdust and to “bagasse,” which is the crushed 
stalk of the sugar cane. These furnaces have become 
increasingly familiar in the cane-sugar industry during 
the fifty or more years since bagasse ceased to be a 
garbage-pile candidate. The moisture in this fuel is 


[= refractory fuels coming within range of the 


_-- Battery of 4 boilers 66in. x 22 ft 
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Fig. 1—Setting No. 1 (McCall, Pa., 1892) 


around 50 per cent and the bulk is about 30 cu.ft. per 
100 pounds. 

The origin of the name “Dutch oven” seems lost in 
the mists of the past; possibly the honor should be 
awarded to the enterprising Dutch sugar planters of 
Java. It owes its general form and dimensions to the 
recognition of the fact that the wetter and bulkier a 
fuel, the more room the furnace requires in order that 
combustion may be complete before the gases strike 
boiler-heating surface. 

Fig. 1, which is introduced for purposes of compari- 
son, shows an ordinary furnace modified to burn ba- 
gasse; Fig. 2 is a Dutch oven of typical proportions; 
while Fig. 3 is an apparently extravagant elaboration 
of form and proportion even for this class of furnace. 
The design shown in Fig. 3 was made in 1915 and pro- 
vides for the use of wood as a supplementary fuel. 

The fuel allotment of bagasse for No. 2 was approxi- 
mately 112 lb. per square foot of grate surface per 
hour. This equals 56 lb. of dry bagasse. These fouz 
furnaces had 120 sq.ft. of grate surface for 6,000 sq.ft. 
of heating surface. The Dutch-oven furnaces shown 
are roomy, having supplementary combustion chambers 
and large areas of hot wall exposed to the fuel. This 
surface acts as a “flywheel” for heat, rekindling the 
fuel during periods of slower combustion. 

The furnaces shown in Figs. 1 and 2 were installed 
by the writer, each of these being the best the sur- 
rounding circumstances would permit. The owner of 
No. 1 frankly insisted on furnaces of the lowest first 
cost, that of No. 2 on the best we knew or thought we 
knew how to make. The owner of No. 3 turned things 
loose altogether in the matter of design and cost. As 
a steam generator No..1 has been the poorest furnace 
that ever has come to my notice. No. 2 has’ been the 


*Sugar engineer, New Orleans, La, 


on Roofs and Walls of Dutch Ovens 
By J. O. FRAZIER* 


best, judged by close observation of its performance 
and its fuel record when coal was used as extra fuel. 
This factory worked sugar cane into sugar at the rate 
of 32 lb. of coal per ton of cane, while the Louisiana 
average was near 75 lb. No. 3 is, theoretically, best of 
all by having a combining chamber most remote from 
the boiler surface. 

Along with the shipment of boilers for No. 1 came 
recommendations from the boiler builders that its com- 
bustion chamber be filled and paved over from the sum- 
mit of the bridge wall to the top of the arch over 
the mud drum. This was not done, partly for lack of 
time and partly because it was suspected that there 
would be a big spill over the bridge wall, which would 
soon fill this space with more or less imperfectly burned 
bagasse. 

For water tender of the boilers at No. 1 factory an 
observing young man was employed, the kind that ulti- 
mately gets the chief’s job (he is now chief at Louisi- 
ana’s largest sugar factory). After about a week’s run 
he began to complain that the new boilers were taking 
less and less water every day. Inside of three weeks 
the capacity had fallen about 30 per cent. Then, when 
the combustion chamber was restored to its original 
clean condition, the original steaming capacity (which 
was never very high) was restored. 

This result being fresh in mind when it came to the 
installation of boiler No. 2, Dutch ovens and large 
combustion chambers were decided on, in spite of the 
fact that the builder of this boiler, like the other, recom- 
mended paving. This builder was bent on making us 
use a blower, hollow blast grate bars and 80 ft. of 
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singly to Dutch ovens 
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Fig. 2—Setting No. 2 (Schriever, La., 1897) 


Gave much better results than No. 1 


stack, but his advice was ignored and a 125-ft. stack 
used with wide-spaced herringbone grate bars, making 
a furnace quickly convertible into a coal burner during 
stoppages of the mill and supply of bagasse fuel. 

Even with the strong draft available we were not 
able to burn enough coal in No. 2 furnaces to make 
much over half the steam that they would make with 
bagasse. Still again, with the small draft throat, 
marked as 28 in. on Fig. 2, which was a 28-in. slice 
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off the side of a 5-ft. circle, no amount of coal would 
make any appreciable smoke. 

The much better combustion in the ovens of Fig. 2 
resulted in an extremely slight ash carry over the 
bridge wall, in fact so slight (with most of the lighter 
ash going up the chimney) that several seasons would 
have been required to fill these chambers. 

In spite of much greater furnace room and the larger 
and supposedly superior combustion chambers, the No. 3 
furnaces have not shown themselves superior to the 
more modest No. 2 furnaces. The comparative per- 
formances of installations Nos. 1 and 2 have kept me 
from attempting the economical burning of wet bulky 
fuel in any furnace with a restricted combustion cham- 
ber or with no combustion chamber at all. 

The four boilers in the No. 2 battery showed different 
rates of steaming. These differences, so far as known, 
were due to differences in freedom of gas outflow. It 
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Fig. 3—Setting No. 3 (Ermita, Cuba, 


Showed no improvement over No. 2 
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1915) 


is probable that no arrangement of breeching division 
would work any improvement in equalization. Taking 
all in all, however, No. 2 came considerably nearer mak- 
ing sugar with bagasse alone than any other of its day. 
It is not yet equaled by more than 5 per cent of the 
more modern, more elaborate and much more expensive 
furnaces. 

An interesting point about these furnace arches is 
that each firebrick was dipped into a fireclay batter and 
tamped into position with a wooden mallet, making no 
thicker seams than the inequality of brick surface made 
necessary. The result of this painstaking care was 
that these furnaces operated seven seasons, each of 
about two months, before any cracking of brick oc- 
curred, even with the disturbing factor of the inset 
feed hopper castings. 

Besides gas mixing and promotion of improved com- 
bustion the mixing chamber performs a secondary func- 
tion of real though variable value. This is the reduc- 
tion of gas stratification as applying to fire-tube boilers. 
For example, in either Figs. 1, 2 or 3, with restricted 
gas passage along the bottom of the boiler, a velocity of 
gas flow is produced that prevents the cooler gases 
obeying the gravity impulse to settle among the hotter 
mass and be exchanged for hotter gases. As a result 
the boiler bottom is immersed in a gas bath cooler than 
the mean temperature of the gas delivery at that point. 
Such tendency to stratification is always present under 
high-velocity gas flow, and the aggregate value of the 
lowered heat transmission rate may be very consider- 
able. When the remedy for this loss produces another 


useful and even larger saving due to better combustion, 
the inducement for provision of the mixing or combus- 


It is very probable that 


tion chamber is emphasized. 
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such provision would have worth-while value with all 
fires under all boilers; also that No. 3 would be im- 
proved in efficiency by allowing the open space tunnel 
to form a secondary combining chamber behind the sec- 
ond wall W. 

Incidentally, No. 1 installation has held its reputa- 
tion for poor steaming, while No. 2 sustains its good 
showing. Also, the excess-fuel consumption. (in addi- 
tion to the bagasse) at the factory of No. 3 is con- 
siderably greater per unit of cane milled than at two 
or three of its Cuban neighbors using Dutch-oven fur- 
naces of more antique type, substantial duplicates of 
those in Fig. 2. 

In closing, certain peculiarities of bagasse as a fuel 
may be mentioned. When sugar-cane bagasse reaches 
the furnaces, it ordinarily contains a considerable 
amount of earth. This assists in making a hard glass- 
like clinker consisting largely of silica. While very 
dense, its total weight is small in comparison with the 
fuel weight. The clinker forms in the hotter portions 
of the furnace, against the side walls, and is hard to 
remove. High temperature, a low combustion rate and 
minimum fire manipulation favor its formation. 

In place of the well-known coal soot, formed prin- 
cipally at moderate or low temperatures and low draft 
velocity, bagasse has its peculiar corresponding forma- 
tion. With good draft the larger portion of the light 
ash is discharged through the chimney. On the higher 
side walls and roofs of bagasse ovens (where the heat 
is greatest) there is formed an asbestos-like, fibrous 
“moss.” This is four to six inches in length and is 
loosely adhesive. It has been my practice to remove 
this with a brush every few days. It is not known to 
be particularly useful or harmful. Being a good heat 
insulator, it diminishes the total heat waste through 
the arches. Also, by diminishing the heat absorption 
of the walls, and the consequent storage, this deposit 
will make less radiant heat available to aid combustion 
during the period when fresh fuel is added. 


&e 


A deposit of phlogopite, a magnesia-mica variety of 
biotite, at Libby, Mont., is being developed by the 
Zonolite Co., of Spokane, Wash., and the product, after 
heat-treatment, is being marketed for a number of pur- 
poses, chiefly as an insulating material. The raw prod- 
uct, of which there is a large reserve, is covered by only 
a few feet of overburden, and can be mined cheaply. 
It has the characteristic appearance of dark mica, but 
when subjected to heat it exfoliates and expands to 
light, fluffy flames of a golden color. The ratio of bulk 
in the raw material as compared with the heat-treated 
material is about 1 to 15. Very little weight is lost in 
processing. The expanded material is fireproof to a 
comparatively high temperature. It forms an excellent 
insulator against heat or cold. It has been used as a 
filling in the hollow walls of safes, bake ovens and kilns, 
and in cold-storage plants at sea and on land. It is 
available as the base for a decorative paint and as a 
constituent of fireproof wallboard. Other applications 
will doubtless be developed as progress is made in 
research.—Chemical & Metallurgical Engineering. 





The gain in efficiency due to the use of air heaters 
may be greater than that corresponding to the heat 
absorbed by the air heaters, on account of the effect of 
the heated air in increasing the heat absorbed by the 
boiler and improving the efficiency of combustion. 
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Diesel Engines Eliminate Losses 


in Carthage Light Plant 





Carthage, Mo., found high coal and labor costs 
prevented economical operation of its water and 
light plant. By installation of Diesel engines 
production costs were reduced to below one cent 
per kilowatt-hour. 





tion today in which the electric service is being 

generated by obsolete equipment. It is a safe 
assumption that many of these would not be continued 
in service if it were generally known at what cost power 
was being produced. Such plants drift along year 
after year, giving service without interruption, but 
the income for current sold only offsets the expenditures 


"Ton are many municipal power plants in opera- 


cost. Present-day practice necessitates the use of only 
such power units as are efficient in fuel consumption 
and low in maintenance and labor expense. If the 
municipal plant is to continue to exist, it also must 
attain an economical basis of operation. 

When equipped with efficient units and properly man- 
aged and cared for, such a plant should generally be able 
to produce current at a lower cost than can be supplied 
by an outside source; furthermore, interruptions are not 
liable to occur as in the case with long transmission lines 
subjected to severe weather conditions. Due emphasis 
should be placed upon the necessity of proper manage- 
ment, for when made the football of local politics, the 
best-equipped plant will be a failure. 

The first Carthage municipal light plant was started 

in what is now the business section, 














but after a few years of miserable 
existence, was practically given 
away to a private concern, equip- 
ment, good will and a franchise to 
furnish power only, for a sum a 
little over $500. This plant was 
entirely inadequate, and as electric 
service was desired, another munic- 
ipal plant was built in 1899. 

This plant consisted of two 16x30- 
in. simple Corliss engines belted to 
90-kw. single-phase generators, 
steam being furnished by three hori- 
zontal return-tubular boilers. In 
1905 the system was changed to 
three-phase and 150-kw. generators 
installed. At this time the engines 
were changed over to condensing 
operation, providing additional 
power for the larger generators. 

Until 1909 night service only was 
furnished, but when the new city- 
owned water system was _ incor- 
porated with the light plant, it was 








Fig. 1—750-hp, Nordberg Diesel in Carthage plant 


for fuel, labor and maintenance. This condition of 
operation does not permit the laying aside of a surplus 
to take care of future improvements and extensions. 
It is a frequent cause of opposition to municipal owner- 
ship and often results in abandoning the old plant 
and resorting to the use of purchased power. 

When new power projects are contemplated or old 
plants reconstructed, invariably the first consideration 
is how power can be generated at the lowest possible 
cost. In the central stations being built in the large 
cities, no expense is spared in the purchase of such 
equipment that will reduce this cost to the very mini- 
mum. The most efficient generating units are installed 
with elaborate fuel-handling equipment that will mate- 
rially cut down the cost of labor. Equipment that is 
still as serviceable and as economical as when originally 
installed, is being abandoned for newer and more effi- 
cient designs that will produce power at < lower unit 


decided to furnish 24-hour service. 
The city had made considerable 
growth, and the demand for current 
necessitated an increase in gener- 
ating capacity. In 1910 a used cross-compound Corliss 
engine, arranged for condensing operation and direct 
connected to a 300-kw. generator, was purchased. The 
old boilers were replaced with three water-tube units. 

From year to year there was a gradual increase in 
load, and it became apparent that more generating 
capacity would soon be required to take care of the 
city’s needs. During this period the cost of coal was 
constantly mounting, and it was evident that, if the 
city was to continue in the light and power business, 
service would have to be provided on a more efficient 
basis. The first question that arose was what type 
of prime mover would be most suitable for the con- 
ditions. In 1921 a steam unit of the unaflow type and 
the Diesel engine were given careful consideration. 
Owing to the advances in the price of coal and every in- 
dication that a supply of fuel oil would be available for 
a long period, it was decided to install one Diesel unit. 

















NS pte it yoSt yg 


Ee 





cer ear 
PRM a Seite: 


~ 
Peet ees eS 


— 


orclebetu 


ee 
Nr iAntaons 


pAR OEY oo 


























a eas 















October 28, 1924 


Consequently, a 750-hp. two-stroke-cycle Diesel, direct 
connected to a 500-kw. generator, was purchased and 
placed in service in 1921. To make room for this in 
the existing power house, one of the small Corliss 
engines was removed. 

The plant is operated by three engineers and three 
oilers who work in shifts of eight hours each, none 
of whom had any experience with Diesel engines prior 
to the installation of the 750-hp. unit. It was found 


TABLE I—COMPARATIVE PUMPING COSTS WITH STEAM AND 
DEISEL PLANTS 


Cost of 
Gallons Pumping Cost per 
of Water Fuel and Electricity (Fuel and_ 1,000Gal. 
Type of Pump Pumped Required for bumping, Electricity) Pumped 
Steam 1923...... 29,325,000 ae yy 20 a” $701.33 $0.0238 
Centrifugal 1924. 23,670,000 34,137 kw. ry @ $.00347 118.45 0.v050 


(vower based on fuel cost only) 


that, being familiar with steam engines, the men 
mastered the operation of the Diesel after a short 
period of training and instruction. 

For 30 months the Diesel was kept in almost continu- 
ous 24-hour service, six days a week, being shut down 
each Sunday for a few hours for inspection and the 
making of such minor adjustments as were necessary. 
In the 744-hour month of January, 1924, the engine 
was in service for 733 hours, or 98.5 per cent of the 
time. During this period 298,950 kw.-hr. were pro- 
duced, making the average load 407 kw., or a load 
factor of 81.4 per cent. The load is graphically shown 
in Fig. 3. Although this high average load was carried 
for the full month, there were periods in which the 
load was substantially higher. 
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by a 150-hp. gasoline engine located at ae other 
end of the pump shaft. 

Table I shows the comparative pumping costs for 
corresponding months in 1923 and 1924, based on the 
cost of fuel and power required for the different 
types of units. In January, 1923, considerably more 
water was pumped than the corresponding month in 
the following year, but the saving with the electrically 
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Fig. 3—Load curve of 750-hp. unit 


operated pump amounted to 79 per cent for each 1,000 
gallons pumped. 

In 1920, the last year in which power was generated 
by the steam plant only, a deficit was shown at the end 
of the year in the amount of $57.38, this being the 
difference between the operating expense and the in- 
come for energy sold. This condition had prevailed 
for several years, due to the increased expense fof 
coal and labor. 

The Diesel operated throughout the entire year of 


TABLE II—COMPARATIVE STEAM AND DIESEL POWER GENERATION COSTS EXCLUSIVE OF FIXED CHARGES 


Total Cost Receipts Profit Kw.-hr. Cost per 

Plant Fuel Labor Supplies Repairs for Year for Year ~ — Developed Kw.-hr. 
(loss 

Steam, 19M. 6.0. ss $41,113.92 $5,100.00 $2,054.25 $931.70 $49,199.87 $49,142.49 $57.38 2,339,485 $0.0210 

oS. eee $12,836.34 $5,469.05 $2,585. 16 $1,813.85 $22,704.40 $71,080. 25 $48,375.85 2,823,350 $0.0080 


The abandoning of the old steam equipment and the 
installation of the Diesel plant necessitated a complete 
change in pumping units. The two cross-compound 
pumping engines with a combined capacity of 3,000,000 
gal. in 24 hours were replaced with motor-driven 
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Fig. 2—Hours engine was in service 


used, having a capacity of 1,050 gal. per min. against 
a 185-ft. head and driven by a 100-hp. slip-ring motor. 
In case of fire a single-stage booster pump of similar 
capacity is operated in series and raises the head to 
295 ft. A three-stage pump has also been installed for 
emiergency service, the capacity of which is 1,500 gal. 
per min. when operating against a 290-ft. head. This 
pump is equipped with a dual drive; at one side is a 
150-hp. slip-ring motor, but should the current supply 
fail at a critical period, the pump may then be driven 


1923, the steam engine only helping to carry the plant 
over the peak periods. Careful records were kept of 
cost of operation, the labor charge being prorated for 
each type of unit according to the power output. In 
1923 the Diesel engine produced 483,865 more kilowatt- 
hours than the old plant did in 1920, but showed a 
profit of $48,375.88, based upon operating costs and 
receipts for the current actually sold. In the years 
compared, the cost per kilowatt-hour produced by the 
old plant was $0.0210, while that for the Diesel was 
$0.008, a reduction of 61.8 per cent. 

The various cost items, together with the savings, are 
shown in Table II. An interesting item of expense is 
that of fuel, in which $48,113.92 was expended for 
coal against $12,836.34 for Diesel fuel oil. 

One of the advantages of the Diesel over the steam 
plant is the elimination of stand-by loss when idle. 
Even though the steam plant may not have been fur- 
nishing power, considerable fuel was required to main- 
tain pressure and have the plant ready quickly when 
needed. 

During the month of January, 1924, the Diesel plant 
was in operation 733 out of the 744 hours, while the 
one steam unit was in operation but 154} hours. The 
steam unit ran only on Sundays when the Diesel was 
shut down for inspection and to help the Diesel each 
evening over the peak load. Even when the steam unit 
was not running, one oil burner was in use under 
the boiler to keep up steam to provide against emer- 
gency. This approximated a stand-by condition, but 
the fuel used was entirely out of proportion to the 


















































power generated. The steam plant developed less than 
10 per cent as much power as the Diesel engine, but 
used 6,000 more gallons of fuel oil. 

After 30 months of almost continuous service with 
the 750-hp. engine, another unit of 1,250 hp., direct 
connected to a 1,050-kva. generator has been placed in 
operation. This larger engine is handling the heavy 
load period, but after the load has been reduced to a 


TABLE III—DIESEL ENGINE COST RECORDS FOR JANUARY, 1924 


Hours run.. . 733 
Kilowatt-hours generated..... 300,000 
Percentage of time running... 98 
Percentage of load factor. ‘ 80 
Average load, kw. Sous ethie Sy Sat ey Sie ah are 408 
Interrupted service. . none 
Fuel oil, gallons... een ; 30,171 
Lubricating oil, gallons.. . : 178 
I IN oe, ic wieeanic oda d een eee bleak eres naines 22 
Fuel oil cost in storage tanks... ‘ ree ; ; $0.035 
Lubricating oil. . 3 i 0.52 
Cylinder oil..... wiv : 0.73 
Labor charge ; $850.00 
Interest on investment. : 666. 66 
Fuel oil. . 4 ; me ged } . $,055.98 
Lubricating oil.. 94.34 
Cylinder oi!....... ; 16.06 
Repairs. . ‘ Bee are a nene 
Rags..... acd ‘ ; ; ; 10.00 
Total operating cost... or : ' $2,693.04 
Labor, per kw -hr. a ; ; . 0.002833 
Interest on investment, per kw.-hr..... , : 0.002222 
Fuel oil, per kw.-hr.. : j 0.003519 
Lubricating oil, per kw.-hr.... A aos : 0.000314 
Cylinder oil, per kw.-hr re ; 0.000053 
Repairs, per kw.-hr....... raters’ ; 0.000033 
Total cosz, per kw.-hr... . , 0.008974 


point where it can be carried by the 750-hp. engine, the 
larger one is shut down. This gives a flexibility that 
will permit of the most economical operation. 

The success obtained from municipal ownership of 
utilities is usually dependent upon the manner in which 
they are controlled. The early years of light plant 
operation at Carthage were not entirely satisfactory; 
in fact, some considered the plant a failure. It was 
largely because of this feeling that opposition arose 
and some of the bond issues met defeat. The plant 
was under the control of the Council as a whole and 
no one seemed to take any particular interest in it. 
Later, a Board of Public Works was created, which 
placed both the water system and the lighting plant 
on a firm business basis and for this reason they are 
successful today. 









Ashes 
Taken 
from 
Furnac c 


892385 
, 320 
580 
58,630 
39,415 
570 
35,480 
33,155 
35, 72. 
41,960 
53,22 

5,525 
5, 21. 






Electric 








eam for 
Heating, 
Pounds 













Month C 


Ashes 


Coal 


~ 
onsu 


Coal 


























Hours Coal 


60/00 

















January 






13,073 





6 
6F 
6/2, 
440,600 
3/2 
271,000 
271.700 
259,500 
294900 
386400 
464,600 
77,600 


SAF 
13.5 
43.f 
13.3 
12.6 
12.8 
I3.F 
42.7 
12.1 
10.3 
114 
41.6 














February 
March 
April 
May 



































61,460 
53,236 
44,149 
98,209 
37,558 
40,412 
42230 
50,558 
62,597 
66280 


13,082 


424,543 
980,595 
94,8. 
157,436 
132,000 
141,000 
786,672 
558,792 
2, 327,630 
77 
335,511 







































June 


luly 
August 





254,100\\707.3¢ 
72/00\\709.13 
2% 
3/ 






















































Septembe 



















October 


















Nov 
















Nee ember 











Totals 


700 
Cubic Feet of 








2. 








Library 





Museum 


H. Mus. 





LO0206 
700, 










Total 


Operating Expense 
Oil and 











19.60 
59.30 
78.83 
4951 
28.33 
61.62 
19.50 
56.68 
50.22 
56.50 
49.69 
63.32 
3.40 








































































686 POWER Vol. 60, No. 18 


Here Is a Good Power Plant Operation 
Cost Chart 


The importance of keeping a plant log is being real- 
ized by engineers. However, in the interpretation of 
these logs and in tabulating the cost of power genera- 
tion many encounter difficulties. For example, those in 
charge of plants supplying heat and power are faced 
with the question as to how much the charge against the 
heating system for the exhaust steam should be, and 
this is not answered easily. 

Unless a more accurate method can be used, the con- 
densate of this exhaust steam should be weighed and 
a charge made equal to the charge the local district 
heating company would make for an equal weight. In 
addition, the engine-room force generally performs most 
of the repair-service requirements of the building or 
factory, and the latter should be charged for it. In 
the accompanying chart are given the figures on the 
yearly operation of the power department of the Mil- 
waukee Public Museum. In this report, which was 
part of a i_port made to the National Association of 
Stationary Engineers at the Grand Rapids convention, 
are shown the total plant expenses separated into items 
—the coal consumed, kilowatt-hours generated, the 
steam supplied to the heating system, as well as other 
expenses as kept by chief engineer F. C. Ruck. 

In arriving at a comparison of the value of the power 
plant in terms of equivalent purchased service, the steam 
heat is assessed at prevailing rates, the electric current 
charge represents the cost of purchasing the same 
amount of power, while the house service is assessed at 
$350 monthly. Examination of the report reveals that 
except for three summer months the power plant oper- 
ated at a cost much below the market cost of equal 
services. For the entire year the net saving was 
$13,488.45. The report is in a form worth copying by 
any engineer who seeks to arrive at a plant cost and 
the value of services rendered. 

While each plant has its own specific problems of cost 
accounting, the chart covers all the items of expense in 
the museum’s power plant. If such sheets are kept, 
the actual cost of power will be found to be much lower 
than usually assumed. 
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Testing Single-Phase Induction 
| Watt-Hour Meters 


Problems Worked Out Showing How to Test Single-Phase Watt-Hour Meters, Both 
When Using an Indicating Wattmeter and a Rotating Standard 


By WILLARD F. WALSH 


Meter Supervision, Kingston Gas and Electric Co., Kingston, N. Y. 


in industrial power plants can be done with a 

certain degree of accuracy by a competent man 
in the electrical department, unless the conditions are 
very unusual. Two classes of load, connected and 
external, may be used for testing a meter in service. 
The connected load consists of lamps, appliances or 
motors. External load may consist of a bank of lamps, 


[iin incas single-phase induction watt-hour meters 
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the connected load ‘is being used when the test is 
made, a jumper may be connected as shown by the 
dotted line, Fig. 2, before lead A is disconnected from 
the watt-hour meter. This allows the current to be 
shunted around the current coil of the meter and 
permits the current coil of the wattmeter to be con- 
nected in the line without disturbing the circuit to 
the load. The jumper should be of sufficient size to 
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Figs. 1 to 4—Connections for testing single-phase watt-hour meters 


water rheostat, resistance units or a low-voltage trans- 
former loading device. 

Watt-hour meters can be checked against a rotating 
standard or by the use of an indicating wattmeter and 
stop watch. The former method is more accurate than 
the latter because any change in the line voltage or the 
load affects both the meter and the rotating standard 
alike, whereas these changes, when using the indicating 
wattmeter, make it necessary to average the readings. 

A form of rheostat may be inserted in series with the 
load to hold it constant, but it is rather unwieldy for 
high current values, owing to the size of wire necessary 
to carry the load. The use of a voltmeter and ammeter 
in determining the amount of load on the meter is 
not advisable because practically all circuits have a 
power factor other than unity, and therefore true watts 
are not equal to the product of volts and amperes. 

First consider testing an induction meter on con- 
nected load with an indicating wattmeter and stop 
watch. Fig. 1 shows the connections for this test. If 





carry the load in use. After the connections are made, 
as in Fig. 1, the jumper is removed. Care should be 
taken that the current rating of the wattmeter is equal 
to or greater than the connected load. 

Do not remove the cover from the meter when tak- 
ing the initial readings. Stop-watch readings of the 
meter-disk speed are next taken. A sufficient number 
of revolutions of the disk should be taken to give a 
reading of between 40 and 60 sec. Start and stop the 
watch as the black mark on the disk passes an edge 
of the retarding magnet. Care should be taken that 
the same marks are used in starting and stopping the 
watch, as an error here, especially on light load, will 
cause quite an error in the result. The meter should 


be checked if possible under the following loads: Light 
load, 10 per cent of ampere rating of meter; normal 
load, 50 to 60 per cent of ampere rating of meter; full 
load, 80 to 100 per cent of ampere rating of meter. 
These loads can be obtained by switching off and on the 
load connected to the meter. 
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The meter accuracy is determined from the formula, 
Meter watts 
True watts 


True watts are read from the indicating wattmeter. 
To obtain the average wattmeter reading, the indica- 
tions of the pointer must be watched closely and the 
length of time at which it stays at different points must 
be taken into consideration. A swing of the pointer 
of short duration will have little bearing on the result. 

Meter watts are obtained from the formula, 

3,600 *K RK K 
S 





Accuracy = 


Meter watts = 





where 

3,600 — Number of seconds in an hour; 

R= Number of revolutions made by meter disk; 

K = Constant marked on meter disk by manufac- 
turer, equals number watt-hours per revo- 
lution of disk; 

S = Number of seconds shown by stop watch to 
make the number of revolutions taken of 
meter disk. 

Example: The meter being tested is a 25-ampere 
110-volt 2-wire 60-cycle General Electric type I-14 in- 
strument; K = 1.5 = constant marked on disk. Sup- 
pose the disk makes 3 revolutions in 53 sec. and the 
indicated watts are 300, then 


3,600 * 3 K 1.5 





Meter watts = 53 = 305.6 
305.6 
Accuracy = 300 = 1.019 


Therefore the percentage accuracy is 1.019 * 100 = 
101.9, or the meter is 1.9 per cent fast. 

Suppose with a greater load, the disk makes 30 revo- 
lutions in 58 sec. and the indicated watts are 2,730, then 


3,600 X 30 X 1.5 





Meter watts = 5a = 2,793 
2,793 
Accuracy = 2730 = 1.023 


The percentage accuracy is 1.023 «K 100 = 102.3, 
or the meter is 2.3 per cent fast. A comparison of the 
loads and percentages of accuracy shows the meter to 
be 1.9 per cent fast on light load and 2.3 per cent fast 
on full load. 

The light-load adjustment in this meter consists of 
shifting a plate located directly under the disk, by 
the micrometer adjustment L, Fig. 5. To adjust, loosen 
the clamping screw and turn the calibrating screw in 
the direction indicated by the arrow, toward F to speed 
up the meter and toward S to slow it down. 

The full-load adjustment usually consists of shifting 
the position of the permanent magnet P located at the 
front of the meter by the micrometer adjustment F. 
Moving the magnet out slows the meter down, and mov- 
ing it in speeds it up. 

In the assumed test the only adjustment necessary 
will be slowing down the meter on full load about 2 per 
cent. This will also slow the meter down on light load 
to within the usual percentage, which is, on small 
meters, within one per cent fast or slow. If the meter 
is found to be too fast on light load and O.K. on full 
load, then the adjustment will have to be made on light 
load first and a check reading taken on full load to be 
sure that meter accuracy has not changed outside the 
required limit. Similarly, a meter may be found O.K. 
on light load and fast on full load. Then the adjust- 
ment should be made on full load and light load re- 
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checked. A shifting back and forth between adjust- 
ments will be necessary until the meter is left within 
the required limits. 

If the meter is found to be too slow on light load 
and nearly correct on full load, it will probably be due 
to friction, caused by dirt on the disk, dirty bearings, 
broken jewel, bent top bearing or loose light-load plate. 
Loose magnets may cause the meter to be either slow or 
fast on full load. Weak magnet will cause it to be 
fast on full load. 

If the meter cannot be made correct on light load, it 
will probably be due to the short-circuit in the current 
coils. 

If possible a rotating standard should be used instead 
of an indicating wattmeter. The connections, for using 
a standard, are shown in Fig. 3, for testing with con- 
nected load. If a jumper is necessary to connect the 
standard into circuit, it is used similarly to that shown 
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Fig. 5—Single-phase watt-hour meter with 
cover removed 


in Fig. 2. When using the rotating standard, the poten- 
tial snap switch is snapped on and off, thus starting 
and stopping the pointers in the same manner as when 
using the stop watch. The reading of the pointers 
on the standard should first be taken, then start the 
standard by closing the snap switch at the passing of 
the definite mark on the watt-hour meter disk. After 
the required number of revolutions are taken, the switch 
is snapped to off position and the pointers read. 
Watt-hours of meter under test 
Watt-hours of rotating standard 
Watt-hours of meter under test equals the product 
of the number of revolutions made by the meter disk 
times the constant marked on the disk. Watt-hours of 
rotating standard equals the product of the number of 
revolutions made by the large pointer, which is attached 
to the disk, and the standard constant. The standard 
constant varies with the size of the current and poten- 
tial coils used and is generally tabulated inside the 
cover. At least three readings should be taken at each 
load and the average used as the resultant reading. 
If considerable variation is obtained in a set of read- 
ings, it is evident that there is some form of friction 
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present, such as mentioned previously, or a loose ad- 
justment. 

Example: Meter being tested is a 10-ampere 110-volt 
2-wire 60-cycle Type OA Westinghouse. If the test is 
to be made at full load, the 10-ampere coil of the 
standard should be used. Suppose the standard used is 
a General Electric Type IB-6, then the 10-ampere 
disk constant equals 0.6. The Type OA watt-hour meter 
disk constant equals 0.666. If 30 revolutions of the 
OA meter are taken and the large pointer of the 
rotating standard makes 33.3 revolutions, Accuracy = 
as wan = ope = 1.00, or 100 per cent. If, 


however, the large pointer makes 33.8 revolutions then, 
30 X< 0.666 19.98 — 0.985, or 985 


~ 33.8 «0.6 ~— 20.28 
per cent. The meter is, therefore, 1.5 per cent slow. 

The foregoing tests consider the rotating standard 
to be 100 per cent accurate. If there is a standard 
correction, it should be incorporated in the accuracy 
formula as follows: 

Accuracy = 
Watt-hours of meter under test &K per cent accuracy of 

standard 
Watt-hours of rotating standard 

If it is possible, an external form of load should be 
used instead of the connected load, as it saves the 
necessity and inconvenience of going about the plant 
turning lamps or motors on and off. Fig. 4 shows the 
manner of connecting a resistance grid in circuit, 
where the load is controlled by small switches. The 
load wire in the right-hand terminal of the meter is 
removed as shown. If the connected load must be used 
during time of test, the jumper is connected as shown 
in the figure. 

When using a low-voltage loading transformer, be 
careful that the return lead in the secondary side of 
the loading transformer is connected to the same side 
of the line in which the current coil is connected. If it 
is connected to the opposite side, it will put these low- 
resistance coils across the line and burn them out, and 
also may damage the loading transformer. 
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Computing the Carrying Capacity 
of Aluminum Conductors 
By EpGar P. SLACK* 


For many years the National Electrical Code has 
given the allowable carrying capacities of insulated alu- 
minum wires as 84 per cent of those of the respective 
sizes of copper wire with the same kind of insulation. 
Thus a No. 6 B. & S. rubber-insulated wire, which is 
allowed to carry 50 amperes if made of copper, would 
have a rating of 0.84 * 50, or 42 amperes, if made of 
aluminum. Although aluminum has limited application 
for interior wiring, the method of arriving at this 
comparison may be of interest, as it applies to alu- 
minum conductors in general. . 

The allowable carrying capacity is limited by the 
temperature of the wire, and the comparative ratings 
of aluminum and copper are derived from the electrical 
conductivities of the two metals. For commercial alu- 
minum the conductivity is approximately 62 per cent 
of the Matthiessen standard, which is the adopted scale 
of reference, while commercial copper has a conduc- 
tivity of about 98 per cent on the same scale. 





*The Polytechnic Institute, Brooklyn, N. Y. 
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Consider two wires, one of copper and the other 
of aluminum, the two samples having exactly the same 
diameter and length; to choose a specific case, suppose 
each is a No. 1 wire 493 ft. long. A wire table shows 
that the copper sample has a resistance of 0.062 ohm 
and therefore the aluminum sample will have a resist- 
0.062 « 98 

62 
being inversely as the conductivities. 

If now a current of 100 amperes is passed through 
the copper sample, the amount of heat produced in it 
will be PR or 100° & 0.062 — 620 watts. It remains 
to find how much current will produce the same heat- 
ing in the aluminum sample. If 620 watts are to be 
dissipated and the resistance is 0.098 ohm, the current 
will be \/620 — 0.098, or approximately 80 amperes. 
Therefore 100 amperes flowing through the copper 
sample and 80 amperes flowing through the aluminum 
sample will produce the same heating; also, since the 
samples have exactly the same dimensions, the heat 
losses by radiation, etc., will be equal; hence, the 
samples will attain the same temperature. 

This calculation shows that, size for size, aluminum 
wires can safely carry 80 per cent of the current 
allowed for copper wires, which checks approximately 
with the value given in the National Electrical Code. 

Where the conductors must be insulated, the fact 
that aluminum wires have to be considerably larger 
than copper wires for the same carrying capacity means 
increased cost of insulation and calls for larger con- 
duits; and these features, combined with the difficulty 
of soldering aluminum, practically preclude the use of 
this material for interior wiring. Bare aluminum is 
used to a considerable extent for long-distance power 
transmission, where its light weight is of advantage, 
and this material also finds some application for bus- 
bars for power-plant switchboards and for electrolytic 
work. 

A simple method of calculating the size of such bus- 
bars based on the foregoing calculation is to multiply 
the desired current by 1{ and design the bus as 
if it were to be made of copper to carry this larger 
current. For example, if an aluminum busbar is re- 
quired to carry 1,600 amperes, figure the size of a 
copper bar that will carry 14 1,600, or 2,000 amperes. 
Then an aluminum busbar of this size will carry 1,600 
amperes with the same heating. 
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Checking Flue-Gas Analyses 


By HAROLD EDWARDS 


It is desirable, when accuracy is required in making 
tests, to have some means of checking the consistency 
of the gas analyses made. In modern boilers having 
large furnace volumes, the checks can be made from 
the relation between the excess air and the sum of the 
CO, and O,. Where the percentage of CO in the flue 
gases is negligibly small, the relation between these 
quantities is as shown in the upper diagram of Fig. 1. 
The values of R there shown are the ratios of the avail- 
able hydrogen to the carbon in the fuel. Where H, O 
and C are respectively the percentages of hydrogen, 
oxygen and carbon as given in the ultimate analysis of 


O 


the fuel, the value of R is —,* 
With a negligibly small percentage of CO the sum 
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of the CO, and O, in a volumetric analysis of air would 
be 20.9 per cent. This is the condition of the air 
supplied. Part of the oxygen in the air unites with 
the carbon, and another part unites with the hydrogen 
in the fuel. The CO, resulting from the combination 
of the carbon and oxygen has a volume the same as 
that of the oxygen from which it is formed. The com- 
bination of the oxygen and hydrogen results in the 
formation of water which does not enter into the volu- 
metric analysis. The sum of CO, and O, is, therefore, 
reduced by the amount of oxygen that unites with hy- 
drogen to form water, and this in turn depends upon 
the ratio of the available hydrogen to carbon in the fuel. 

The nitrogen equivalent of the oxygen that unites 
with the hydrogen remains in the flue gases. With 
complete combustion—that is, when the O, percentage 
is zero—there will be some value of the CO, correspond- 
ing to the ratio of the available hydrogen to carbon in 
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CO, and to sum of CO, and O, 


the fuel. This value is called the theoretical CO,, and 
the values are shown in Fig. 2. 

When excess air is present, the sum of the CO, and 
O, for the flue gases will lie between 20.9 and the 
theoretical CO, for no excess air, and the value will 
depend upon the relative amount of excess air. The 
upper diagram of Fig. 1 shows what the values are 
for various amounts of excess air and various values 
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of the ratio of the available hydrogen to the carbon. 
The lower diagram of Fig. 1 shows the relation be- 
tween carbon dioxide and excess air. As will be seen 
from the curves, the excess air corresponding to any 
value of CO, depends upon the hydrogen-carbon ratio 
in the fuel. 
To check the flue-gas analysis, the value of excess air 
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Fig. 2—Theoretical CO, for various values of R 


should be ebtained from the percentage of CO, from 
the lower curves of Fig. 1. The tracer line indicates 
the solution when the carbon dioxide is 12 per cent 
and the ratio of available hydrogen to carbon is 0.06. 
The excess air percentage is 49 per cent. Starting with 
49 per cent excess air in Fig. 1, and going vertically 
to the curve corresponding to a hydrogen-carbon ratio 
of 0.06 and then horizontally to the CO,-plus-O, scale, 
the curve shows the sum of the CO, and the O, should 
be approximately 19.1. The sum of CO, and O, found 
in the volumetric flue-gas analysis should not be greater 
than this value and should not be less unless carbon 
monoxide is present in the flue gases. 

Theoretically, these curves could be used for deter- 
mining the ratio of hydrogen to carbon in the fuel from 
the flue-gas analysis, but owing to the errors in making 
a flue-gas analysis the coal analysis cannot be made by 
this method with an accuracy approximating that of 
the regular method of fuel analysis. This method is 
of some value in certain kinds of special investigation, 
such as in determining the condition of the fuel bed in 
different parts of the furnace from analyses of gas 
samples taken directly over the fuel bed. Samples taken 
where the fuel enters the furnace show high hydrogen- 
to-carbon ratios, indicating that a relatively large per- 
centage of the volatile matter is burning at this point. 
Samples taken over the clinker pit of an underfeed 
stoker or in the rear of a chain-grate stoker usually 
show low hydrogen-carbon ratios, since at this point 
very little volatile matter is left to burn. The gas 
samples taken in the boiler breeching contain an aver- 
age of the products from the different parts of the fire 
and are thus representative of the fuel burned. 





Superheating has a considerable effect on the specific 
volume of steam and hence on the velocity needed to 
deliver a given weight per hour through a given pipe. 
At 200 lb. gage pressure this increase is 32.7 per cent 
for 200 deg. superheat. 
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Steam-Qual ity Measurements the exhaust steam is wet. 


By N. L. JOHNSON 


when installed, it is equally important to make check 

tests each year or from time to time, to insure 
that the efficiency has not fallen off. This article is 
concerned with the performance of steam turbines and 
will explain a simple and inexpensive method of deter- 
mining it. The general idea involved is not new, but 
it has not yet found wide employment. 

In the ordinary method of testing it is necessary to 
measure accurately the power produced and the weight 
of steam consumed. The power output may be meas- 
ured at the coupling where the performance of the 
turbine alone is to be determined, or at the switchboard 
if it is desired to find the over-all performance of a 
turbo-generator unit. 

The use of a special dynamometer for measuring the 
power delivered at the turbine coupling is usually 
impracticable, so it is necessary to fall back on the 
efficiency curve of the driven apparatus. The procedure 
gives close results in the case of the generator, but is 
somewhat less reliable with a fan or pump, because the 
efficiency of a fan or pump, under given conditions, may 
change considerably without the fact being detected. 
Where no efficiency data are available for the given 
driven unit, curves for machinery of similar design, size 
and speed may be used with fair accuracy in the case 
of the electric generator. This method is hardly 
reliable for fans and pumps, and their efficiency varies 
over a wide range even for the same size and type 
of unit. 


[ vrenisit: as it is to test power-plant apparatus 





METHODS OF MEASURING STEAM CONSUMPTION 


The second set of readings, or the total flow of steam 
per hour, is generally even more difficult to obtain accu- 
rately. The only strictly accurate method now available 
is that of weighing the condensate from the turbine 
exhaust. This is possible where a surface condenser 
is used, but with any other type of condenser and with 
non-condensing turbines the method becomes unusable. 
Even where a surface condenser is used, the expense 
involved often renders it out of the question for periodic 
checks. A second method is that of using a steam-flow 
meter. 

A third method, which may be used with good accu- 
racy where original tests are available, is that of 
making observations on the ring pressure or the pres- 
sure in the chamber directly ahead of the first-stage 
nozzles. The steam flow for any type of turbine will 
bear a definite relation to this pressure. 

The curve showing the relation having once been 
established in original tests, an indication of the flow 
at any time may be had by observing the ring pres- 
sure. 

The method of testing to be described requires no 
steam measurement. There is no necessity for close 
measurement of the power output, as this does not enter 
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turbine performance 
by measurements of 
steam quality can be ex- 
tended to cases where 


The Thomas Meter 


makes this possible. 




















into the computation of the water rate, but is used 
only as a matter of record. The principle involved is 
that of determining the total heat of the steam ahead 
of the governor valve and at the turbine exhaust. 
These, in turn, require measurements of pressure and 
of moisture or superheat. The only difficulty in the 
application of this method occurs in determining 
the quality of the exhaust steam. The methods used for 
this will be described later. For the present, assume 
that when a certain turbine is developing 1,500 Kw., the 
steam pressure and conditions are as follows: 


Pressure, Superheat, Quality, 
Lb., Gage Deg. F. Per Cent 
Dry 
Before governor valve...............-55 220 156 
SE ING io gps ng Ripioneres Bona aE ale 0.89 aves 95 


The heat in the initial steam is 1,290.1 B.t.u. per 
pound, while that in the exhaust steam is 66.0 + 
(1,036.7 * 0.95) = 66.0 + 984.8 — 1,050.8 B.t.u. 

The heat removed from the steam is 1,290.1 — 
1,050.8 — 239.3 B.t.u. per pound. All this must appear 
as power at the turbine coupling, except the small part 
that forms the external losses due to gland leakage, 
friction of bearings and governor and radiation from 
the casing. These are small and may ordinarily be 
neglected, except when operating at small loads. 

Neglecting these external losses, the entire 239.3 
B.t.u. is turned into power at the coupling. Since one 
horsepower is equal to 2,547 B.t.u. per hour, it will 
require 2,547 — 239.3 — 10.64 lb. per hour to produce 
one horsepower at the coupling. 

To find the water rate per kilowatt-hour, it is neces- 
sary to know the generator loss, as this is too large 
to be neglected. The manufacturers of the machine 
should be able to furnish a curve showing the generator 
efficiency at various loads. Suppose that this curve is 
obtained and shows a generator efficiency of 94 per 
cent at 1,500 kw. load. Since one horsepower equals 
746 watts, 10.64 lb. of steam per hour will produce 
0.94 & 746 — 701 watts, or 0.701 kw. Therefore, 
the steam consumption per kilowatt-hour is 10.64 — 
9.701 — 15.18 pounds. 

- The instruments and methods used for making the 
readings will now be considered. The steam pressure 
on the line should be taken with steam gages accu- 
rately calibrated against a dead-weight tester. The 
back pressure, if above atmosphere, may also be taken 
with a gage, or preferably with a mercury U-tube, as 
accuracy is of great importance here because of the 
pronounced effect of back pressure on steam perform- 
ance. If the back pressure is below atmospheric, it 
should be taken with a mercury column and readings 
corrected to absolute measurements by comparison with 
the barometer readings. The temperature should be 
taken by means of carefully calibrated thermometers. 

Where the corrected thermometer reading is above 
the saturation temperature as given in the steam table, 
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the steam is known to be superheated by the amount 
of the difference. If, however, the corrected thermom- 
eter reading is very close to the saturation tempera- 
ture, even if a little above, the steam should be tested 
for moisture. 

As most turbines operate on dry or superheated 
steam, this moisture determination, if necessary at all, 
is required at the exhaust end only. In the case of 
large turbines operating condensing, the exhaust steam 
will almost invariably be wet. Small auxiliary turbines 
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operating non-condensing on superheated steam, will, 
on the other hand, ordinarily show superheat at the 
exhaust. This greatly simplifies the testing of such 
turbines by this method, as the determination of the 
moisture is the only difficult part of the test. 

While a throttling calorimeter is suitable for meas- 
uring small amounts of moisture contained in high- 
pressure steam, it cannot always be used for measuring 
large percentages of moisture in steam at pressure be- 
low 10 lb. gage. The reason is that the steam discharg- 
ing from the calorimeter must be superheated if any 
result is to be obtained. When the turbine exhausts 
around 2-lb. gage with only 2 or 3 per cent of moisture, 
the throttling calorimeter may be used by connecting 
the discharge to the main condenser. If the discharge 

‘ then shows an appreciable degree of superheat, the 
readings may be used, the calculations being based on 
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the actual discharge pressure measured directly by a 
mercury manometer, at the calorimeter. With a very 
wet exhaust or with a condensing turbine the throttling 
calorimeter cannot be used, and some other method 
must be employed to determine the quality of the ex- 
haust steam. 

For such a condition the so-called Thomas Steam 
Calorimeter’ may be used to advantage. The general 
construction of this instrument may be seen from the 
accompanying diagram. It works as follows: 

The steam passing through the calorimeter comes in 
intimate contact with an electric heater, which evapo- 
rates the moisture carried by the steam. The energy 
necessary to dry the steam is measured by a watt 
meter. When sufficient energy is being introduced to 
dry the steam, the fact that this condition has been 
reached is observable in two ways: First, when the 
mercury in the outlet thermometer begins to rise, the 
steam is known to be dry; second, until the steam is 
dry moisture can be seen in the glass as it leaves the 
calorimeter, through the heavy glass outlet tube. 


FIGURING QUALITY OF EXHAUST STEAM 


To find the weight of superheated steam passing 
through the calorimeter, divide the total additional 
watts used for superheating by the watts required to 
give one pound of dry steam the observed superheat 
at the given pressure. This figure is then multiplied 
by the constant furnished with the instrument to give 
the weight of saturated steam discharged at the same 
pressure. The watts required to produce dry steam 
are then divided by the pounds of steam flowing per 
hour, to get the watts required to dry one pound of 
wet steam per hour. Since one watt is equal to 3.415 
B.t.u. per hour, the watts to dry one pound of steam 
per hour are multiplied by 3.415 to get the B.t.u. re- 
quired to dry one pound of steam. This, divided by 
the latent heat and multiplied by 100, is the percentage 
of moisture. 

All measurements of moisture in the turbine exhaust 
chamber must be carefully made in order to obtain 
accurate results. It is difficult to obtain representative 
samples of steam in this part of the turbine, and for 
this reason it is advisable to take readings at a number 
of points in the exhaust chamber. This can best be 
done by the installation of permanent sampling tubes. 
The average readings will always be comparable if not 
absolutely accurate, so that any falling off in efficiency 
may be detected. 

The advantages possessed by this method of testing 
are, briefly, as follows: The performance of the turbine 
is arrived at without the introduction of a multiplicity 
of readings pertaining to other driven apparatus. 
No accurate readings of power and no steam-flow 
readings are necessary. All readings are instanta- 
neous, and accurate average results can be obtained at 
a minimum expenditure of time for any conditions of 
loading. Readings may be taken at any time without 
interrupting operations. 

‘This method of testing should prove especially valu- 
able in combinations of units where, for example, several 
turbines exhaust to the same vacuum system and where 
it is desired to check the performance of a given num- 
ber of stages in a turbine, as for instance, the high- 
pressure stages in a mixed-pressure turbine, or the 
non-condensing part of a bleeder turbine. 





1The Thomas calorimeter came out about 1907 and was de- 
scribed in Power at that time. 
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Experiments on the Generation 
of “Critieal” Steam 


By JACQUES F. OVERWYN* 


develop a gas-turbine plant, wherein high-pressure 

hydrocarbon gases were to act as power jets. 
Practical objections appeared in the form of coking of 
the generator and low efficency of the process of mixing. 
While I hold that this method is still possible of realiza- 
tion, the practical obstacles proved too strong for the 
time being, so that I resorted to water as a working 
fluid. 

My purpose in all experimentation was the construc- 
tion of power plants for airplanes, locomotives and 
portable units in general, so that in all my construction 
emphasis is laid on low weight per horsepower, both 
as to steam generators and the plant. 

I constructed a series of some thirteen generators 
for critical’ steam. Of these thirteen generators nine 
were small units tested 
to show the road to be 


‘Te original object of my experiments was to 


determine the dangers incident to working with critical 
steam. The test showed that the explosion was not very 
violent in the first case, and secondly, it pointed out to 
me that if generators for superpressures are built on 
the principle of a multiplicity of elements, the dangers 
involved are still further reduced. In my explosion 
tests all joints were screwed without welding over and 
without the use of sealing compounds. There were no 
leaks. The rupture of the tubing occurred at a defec- 
tive spot that I had previously noticed and marked for 
the purpose. 

It appeared from various tests that superpressures 
behaved quietly as to steam generation. This holds 
only for constant load, however, for if the load varies 
considerably (by manipulation of the discharge valve 
in this case) the pressure drops and rises rapidly over a 

large range, so that the 








conditions of genera- 





followed to obtain the 
desired results, which 
were low weight per 
horsepower and com- 
plete safety in the use 
of critical steam. 

The second generator 
constructed is shown 
in semi-diagrammatic 
fashion in Fig. 1. It 
will be seen that the 
steam generator con- 


i ip experiments here reported were made in the 

attempt to sages an extremely light steam-power 
plant for use in airplanes and other vehicles. hile 
airplanes lie outside of Power’s field, this work has an 
important bearing on certain matters that are now inter- 
esting power-plant engineers. It is claimed that these 
California experiments have been going on for about five 
years, and that the actual generation of steam at the 
critical pressure antedated the experiments made with 
the Benson System in England. It is, therefore, felt 
that many of the readers of Power will be interested in 

this inventor’s sketch of his work. 


tion change radically 
from a quiet one in the 
critical range to a spas- 
modic one well below 
2,000 lb. per square 
inch. 

It is evident that the 
storage capacity of a 
particular generator is 
a very important factor 
here. In my models 
and also in the type 





sists of a number of 














finally developed, the 








identical units which —— 











might be termed cart- 

ridges. Fig. 2 shows the details of one of these 
cartridges. Water entering through the tube A is 
carried thereby to the end of the opening in the cart- 
tidge. Thus the water is preheated considerably in 
tube A. Evaporation is completed on the return trip. 
The cartridges are bathed in the hot flue gases from 
an oil-fired furnace. 

Turning again to Fig. 1, the double-cylinder feed 
pump forces the feed water to the headers which supply 
the individual generator cartridges. Steam leaving the 
cartridges passes to the steam headers and from each 
of these to the beginning of a superheater section of 
some six layers. The lines leaving the superheater 
pass to the steam main. The drawing being more or 
less diagrammatic, it should be explained that the 
superheater is mounted above the generator. Above 
that is the oil burner, the gases passing downward. 
Natural gas was used in the tests. 

This generator was found to give insufficient water 
velocity through the elements. Moreover, it was too 
heavy for my purpose, apart from various objections 
to the burner arrangement and the rather laborious 
construction. 

Next, an explosion test was made on some tubing to 





*San Francisco, California. 

1That is to say, steam generated at the critical condition, ap- 
proximating 3,200 lb. per sq.in. and 706 deg. F., where steam and 
water are indistinguishable in any respect.—Editor. 





storage capacity is re- 
latively small. 

To prevent this pressure variation, I designed and 
developed a system of electric control whereby the var- 
ious units of the plant—the fire, the ready steam, the 
motor and the condensation—exercise a mutual in- 
fluence upon each other, and simultaneously therewith 
a joint control upon the fire and the feed pump supply- 
ing the boiler. 

It is not intended to describe this control fully now. 
Suffice it to say that it is an integral part of the plant 
and that in case of rapidly varying loads, as for ex- 
ample, in locomotives, a reliable and sensitive control is 
absolutely necessary. In my generator the superheating 
takes place under practically full generator pressure. 
The electric control in itself appeared to be satisfactory 
when tested on small scale. 

A later type of generator in which the elements were 
grouped along the circumference of a circle and where- 
in the arrangement was in the main the same as that 
just described, was subjected for a 10-minute period 
to oxygen at 2,000-lb. pressure. The whole generator 
had previously been annealed in a furnace, and it was 
not completely cold when the oxygen was turned on. 
No leaks could be discerned, and I concluded from the 
test that if welding could be relied upon for such a 
“telltale” gas as oxygen, it certainly could for super- 
pressure steam. The latter deduction might be open to 
argument were it not for the fact that I had various 
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other opportunities to ascertain the reliability of welds 
in superpressure work, 

On the basis of various small-scale tests and computa- 
tions, I find it feasible to predict a weight of 1.5 Ib. per 
brake horsepower for a complete plant with condenser. 
This figure applies to a later type of plant using surface 
combustion and a novel method of vaporizing the fuel 
oil. Complete tests have yet to be made. 

During my experiment I compiled some data on the 
application of high pressures to steam turbines and de- 
vised a novel way to apply superpressure steam. In 
this method, which cannot be fully disclosed at present, 
advantage is taken of the peculiar character of critical 
steam, namely low heat content and low entropy. It 
was my endeavor to avoid superheating if possible, for 
in my work low weight was to be more or less para- 
mount and (as is well known) superheaters require 
relatively large surfaces compared with steam 
generators. 

Although I did not definitely ascertain the exact heat 
content of critical steam, I felt safe in assuming it 
would produce a very high percentage of moisture if 
allowed to expand in turbine nozzles down to a high 
vacuum without any initial superheat. 

It is of course true that a very high velocity would be 
obtained at the mouths of the nozzles and this velocity 
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Fig. 1—Diagrammatic plan of 
multiple-element steam generator 





2 turbine 


in its turn might be sufficient to delay condensation. 
On the other hand, a single pressure or velocity stage 
would hardly be practicable for such large heat drops 
as would be experienced, while the use of several stages 
would give opportunity for the supersaturation to break 
down during the passage of the steam through the 
_ blades. This would produce an inadmissible amount of 
condensation. 
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Finally, there is the important element—the cost of 
construction. In this respect I have striven to construct 
a generator consisting of standardized, interchangeable 
parts, so that mass production will be possible and var- 
ious capacities can be produced by the addition or sub- 
traction of parts or elements. Of course casings or 
housings, as well as accessories, must vary with the 














Fig. 2—Single element for generation of 
“critical” steam 





size of the generator. While in this early experimental 
stage little can be said definitely as to the cost of these 
generators, it may be safely stated that it is surpris- 
ingly low in comparison with that of ordinary boilers. 


Diesel Engine with Precompressor and 
Exhaust Turbine 


Dr. Riehm has calculated the fuel consumption of 
a Diesel engine equipped with a supercharging com- 
pressor driven by a turbine operated with the engine 
exhaust. Assuming a constant precompression and a 
constant exhaust pressure, he found that the fuel con- 
cumption by this arrangement is lower than that of a 
standard Diesel engine. F. Modugno, in the V. D. I. 
Zeitschrift, points out that this result is apparently 
contrary to that given in an article on “Internal- 
Combustion Engines Exhausting into Lower Pressure 
Turbines,” in Volume LXV, page 321, of the Trans- 
actions of the Institution of Naval Architects. 

It would be necessary with actual engines to assume 
that the maximum pressure in the cylinder with and 
without precompression is the same. With this assump- 
tion the efficiency must decrease as the precompression 
and the exhaust pressure increase. On the other hand, 
Dr. Riehm assumes that in actual service, with or 
without precompression, the compression ratio within 
the cylinder remains the same, so that much greater 
pressures than usual are obtained. If, however, the 
comparison is made on a basis of equal maximum pres- 
sure and consequently on an equal service demand and 
heat consumption, the use of precompression shows a 
loss instead of a gain. 


eB 


Condensate pumps are usually specified to be 50 or 
100 per cent in excess of normally required capacity, 
to prevent flooding in case of broken condenser tubes. 
This results in operating at a low point of efficiency. 
A saving of roughly 3 per cent of the total condenser 
auxiliary load could be secured if this excess capacity 
were not needed. 
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Boilers for Heating Purposes 


HE PRACTICE has become prevalent for architects 
to specify the use of low-pressure boilers for apart- 


ment and office building heating plants. In doing this 
they have no doubt felt tha: such buildings would al- 
ways purchase their power and that the cheaper boiler 
would give equal satisfaction. 

The difference in the initial costs of a high- and a 
low-pressure boiler is small, representing but a small 
per cent when the total cost of the heating system is 
considered. Due to the stronger structure it would 
seem that on the basis of life and freedom from operat- 
ing troubles, the high-pressure boiler should be the 
logical choice. 

A second factor influencing the choice of a high- 
pressure boiler, is that while energy may be purchased 
when the building is first erected, it is impossible to 
say with certainty that the installation of generating 
units will never be advisable. There are many build- 
ings that have found it advisable to generate their own 
power or to install a block plant. With these factors 
taken into consideration, sound judgment points to the 
more general use of high-pressure boilers in heating 
plants. 


Motor Applications 
Require Careful Study 


ELECTING motors for any application involves not 

only obtaining machines with suitable characteristics 
to drive the load and give a high degree of reliability 
in service, but also choosing those that will do the work 
most economically, all things considered. In direct- 
current work the problem is not so involved as with 
alternating current. Where direct current is available, 
if motors of the proper characteristics are selected for 
the loads, a large part of the problem is solved. Of 
course attention should be given to the right size of 
motor, but if the error is made on the safe side, about 
the only ill effect will be a little higher investment in 
the equipment. This will probably be offset by lower 
maintenance costs. As the efficiency curve of the motor 
is fairly flat over a wide range of load, unless the 
motor is excessively over size the loss in efficiency due 
to underloading will be small. 

Alternating-current motors present a_ different 
problem in that the question of the motor’s power 
factor is involved. In a direct-current motor the cur- 
rent varies approximately as the load. Because the 
power factor of an induction motor varies as the load, 
the current does not change in proportion to the load. 
While the current taken by a direct-current motor at 
fifty per cent load is approximately fifty per cent that 
at full load, the current taken by an induction motor 
at half load may be seventy to eighty per cent of full 
load. Although this increase in current does not rep- 
resent a proportional power increase, it does involve 
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increased losses in the distribution and transmission 
lines, transformers and generating equipment. 

It is generally considered that a differential in power 
rates in favor of high power-factor motors is necessary 
to warrant the installation of synchronous motors or 
other high power-factor equipment. A study of this 
problem will frequently show that, especially in large 
power installations, synchronous motors are more eco- 
nomical than induction motors. In fact on slow-speed 
installations the preference is greatly in favor of the 
synchronous motor. High-speed induction motors may 
have power factors of over ninety per cent between full 
load and half load, whereas the slow-speed motors will 
have power factors of less than eighty per cent at full 
load and below fifty at half load. The latter is anything 
but a desirable machine to have on the power system, 
from the viewpoints of efficiency and operating char- 
acteristics. 

Another feature that should not be overlooked in 
the application of alternating-current motors is that 
when the load is reduced on an induction motor, espe- 
cially one that operates at slow speed, it has a detri- 
mental effect on the operating characteristics of the 
system, where with synchronous and _ synchronous- 
induction motors it tends to rectify the bad effects of 
induction loads on the system operating at low power 
factor. Therefore, in selecting alternating-current mo- 
tors, the foregoing conditions should be kept in mind, 
and even if there may not be a power rate differential 
in favor of the high power-factor load, the saving in 
power costs due to reduced losses at high power factor 
will in many cases be sufficient to make any additional 


investment in high power-factor equipment economically 
sound. 


Some Aspects of 
Condenser Performance 


ACUUM is to condenser performance what carbon 
dioxide is to furnace efficiency. Each is one single 
important index of performance and ultimate efficiency. 
In the majority of power plants operating condensing, 
too little attention to detail is accorded the condenser 
and its performance. Keeping tubes clean and free 
from oil and scale on the outside and slime, scale and 
filth on the inside, minimizing water leaks and also the 
air leakage is done in a happy-go-lucky manner. 

But there are other considerations that play a big 
part in steam economy and the thermodynamic over-all 
efficiency of the plant. While condensers follow the 
same general curve of vacuum-heat transfer, each con- 
denser has its own little peculiarities. These should be 
known. It is not the maximum possible vacuum that is 
most desirable, but the highest vacuum that is com- 
mercially or practically obtainable that one needs to 
know and should strive to maintain. 

The winter is the time to experiment and obtain the 
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facts and data upon which condenser performance 
should be based and summer and winter efficiencies and 
performances compared. 

There are many factors that one should know to 
realize how a condenser is functioning. For example, 
the velocity of the water through the tubes; the relation 
between the velocity or gallons of water per minute 
and the vacua; the rate of heat transfer and power 
input to pump motors. Then one needs to know how 
each of these affects the over-all results, with the other 
factors remaining constant. All of these data cannot 
be obtained in warm weather when vacuum must be 
accepted as cooling-water temperature allows. It fre- 
quently happens that a higher vacuum is maintained 
in the winter than can be utilized by the turbine, re- 
sulting in needless power input to the condenser or 
auxiliaries as well as waste of water. The effect of 
water velocity upon keeping tubes free from débris, 
the influence of seasons and water level upon the work 
and frequency of cleaning are other factors that can 
modify upkeep costs enormously. 

One expects to be always on the qui vive with fur- 
nace operations, because it is known conditions change 
every few seconds. There is a tendency, however, to 
leave the condenser too much alone, on the basis, per- 
haps, that it is less susceptible to change by climatic, 
operating or other extraneous influences. A large 
amount of fuel can be wasted by the condenser and 
not a little plant capacity made unavailable. The fact 
that these wastes may persist unsuspected or unnoticed 
is a further inducement why the condenser should be 
more closely watched and the factors affecting it better 
understood. 


Factors Affecting 
Furnace Performance 


OT SO many years ago, all that was of interest in 

knowing about a furnace was the ratio of grate 
area to boiler-heating surface. Then, as attention was 
given to higher combustion efficiency, smoke abatement 
and higher rates of evaporation, more attention was 
given to improving the mixing of combustible gases 
and air. In consequence, furnace volume and height 
assumed a new significance. 

As the need for larger furnace volume grew, the 
problem of furnace height introduced still other prob- 
lems, since it is usually cheaper to obtain greater 
volume by increasing the height rather than the width 
or depth of a furnace. Another factor that has entered 
is, that, now as high as sixty per cent and more of the 
heat taken up by the boiler is absorbed as radiant 
energy. Additional work is placed on the first pass of 
the boiler, necessitating greater care in preventing 
scale, oil and other substances from forming on the 
heating surfaces. On the other hand, with more boiler 
surface exposed to the radiant energy, the difficulties 
with the furnace refractories tend to become less. 

So long as the demand for high rates of combustion 
and evaporation persists, the question of flame travel 
is a more important factor, since time is an element in 
ignition and in the mixing of combustible gases with 
air. Heat transfer increases with the increasing gas 
velocity through the passes; but it has been found that 
combustion efficiency in the furnace suffers when the 
gases travel too rapidly through and out of the furnace, 
because then the combustion has not time to be com- 
plete, secondary combustion may occur in boiler passes 
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or breeching, stack temperatures rise and there is a 
general loss all along the line. So, flame travel has 
earned for itself a special significance. 

Progress is an endless chain. Each forward step 
introduces new problems and as each is solved or alle- 
viated, one or more problems arise to take the place 
of the one eliminated. Oil and pulverized fuel have 
introduced problems peculiar to themselves. So the 
endless chain goes, as the one-piece refractory lining, 
the air and water-cooled walls, the clinker grinder and 
water back, and the recovery of infiltrated air each 
finds its place in the scheme of things. 


The Engineer’s Pay Check 


HAT operating engineers as a class are underpaid 

is a frequent complaint. While not all communities 
are alike in this respect, it is a fact that in many of 
the large centers (New York City for example) the 
average engineer works for pay that would not tempt a 
bricklayer or plasterer. Only the exceptional engineer 
enjoys substantial remuneration and is accorded the 
respect normally given to any executive in charge of 
an important department. 

A dispassionate study of this situation reveals many 
factors at work. In the first place the general effect 
of the war and the post-war period has been to advance 
the rate of pay for skilled and unskilled “labor” more 
than that for work of a professional or semi-profes- 
sional nature. 

Certain trades, in particular, have been so favored 
by an artificial scarcity of labor in fields of great ac- 
tivity as to command extraordinary wages. 

With the operating enginers a very different condi- 
tion exists. In New York City particularly, a heavy 
influx of marine engineers into the stationary field, 
together with the shutting down of plants going over 
to purchased power, has resulted in a supply of engi- 
neers which exceeds the demand. That is, the supply 
exceeds the demand on a “nose-counting” basis, listing 
every chimney as a job and every man with a license as 
an engineer. This indiscriminate treatment of engi- 
neers as a standardized commodity is one thing that 
works great injury to employers as well as to ambitious 
engineers. The idea somehow prevails that any man 
with a license is an engineer and that one engineer is as 
good as another. No idea could be more false. 

In applying for jobs, many engineers have been dis- 
couraged by the employer’s attitude that the cheapest 
man in sight was the man for him. Many have become 
pessimistic as to the value of education, feeling that 
employers were not prepared to reward competence. 
But, before hauling up the white flag, a little further 
investigation is in order. Are there any good jobs? 
Yes—a few fine ones and a considerable number that 
pay a comfortable salary. What sort of men hold these 
jobs? Engineers who stand out as a little better edu- 
cated and a little more aggressively insistent about 
doing things right and securing recognition of results. 
Practically all the worth-while jobs are held by 
such men. 

The difference is that between the man who man- 
ages his plant and the man who merely runs it. The 
former is the real engineer. He is the one who has 
taken the trouble to study the technical background 
of his job, who has trained his will to insist on results 
and his courage to go to the mat, if necessary, to prove 
that the high-salaried engineer is the cheapest. 
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How Wrench Was Removed from the 
Water-Leg of a Locomotive Boiler 


Some time ago, while making repairs on a locomotive- 
type boiler, we accidentally dropped a double-head wrench 
down the water leg. After several attempts to fish it 
out through a 2-in. plug hole at the bottom of the 
water leg and with wire hooks and magnets from the 
top, we struck upon the plan shown in the illustration. 

A piece of armored hose was obtained and the hose 
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Hose was pushed down between stay-bolts and 
slowly revolved 


cut off about 6 in. from the end leaving the wire wind- 
ing exposed as shown. By pushing the hose down 
between the staybolts and revolving it slowly the wire 
winding was screwed over the wrench, gripping it suffi- 
ciently to withdraw it from the boiler. 


Worcester, Mass. DAVID LUPIAN. 


The Use of the Air Chamber 
on the Pump 


Many engineers consider air chambers on reciprocat- 
ing pumps a relatively unimportant piece of equipment 
and hardly worthy of notice. However, the air chamber 
has a function and a purpose which it fulfills admirably 
when properly installed and attended to. 

The purpose of an air chamber is to absorb the shock 
caused by the starting and stopping of the column of 
water, due to the reciprocating motion of the pump 
piston. Every time a column of water is set in motion 
and suddenly stopped, a shock is imposed upon the 
container, in proportion to the volume and velocity of 
the water. Such shocks may be so slight as to be 
scarcely noticeable, or they may be so violent as to 
cause a sharp “hammer” knock. They are not only 
disagreeable, but are injurious to pipe lines, fittings 
and pump mechanism, thereby subjecting them to 
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strains that in time are likely to cause serious trouble. 

The air chamber traps a volume of air in the pump 
line, and this air is compressed slightly or considerably 
in proportion to the volume and velocity of the water 
and abruptness with which its passage is stopped. 

The compression of the air not only absorbs the shock 
of stopping the flow of water, but it assists materially 
in keeping a constant flow of water with a pump of the 
reciprocating type. It acts as a reservoir of energy 
which is released during the periods when the pump is 
non-effective. 

The only attention necessary to the air chambers is 
to see that there is a full supply of air in them. After 
running the pump for a time, a considerable portion 
of air trapped in the chamber will become gradually 
entrained with the flowing water, and the water will 
rise higher in the chamber. As a result there is less air 
to act as a cushion and consequently, the efficiency of 
the chamber is reduced. In this case the chamber 
should be charged from a supply of compressed air, 
through the fitting in the top of the chamber. If, on 
the other hand, no fitting is provided or if a supply 
of compressed air is not available, a pet-cock may be 
fixed in the pump suction which will permit air to enter 
with the water. The chamber may be charged peri- 
odically by this method. 

An air chamber is necessary on the discharge side 
of most reciprocating pumps, and they are usually sup- 
plied as part of the pump equipment. The use of an air 
chamber on the suction side of the pump is, however, 
a very different matter. The purchaser is often left 
to his own discretion as to the use of such a chamber 
and will probably rig up his own air chamber if 
necessary. 

An air chamber need be used on the suction line only 
where the pipe is long or where the lift is high or the 
pump is operating at sufficiently high speed to cause a 
“hammer” in the line. For use on a long suction line 
the air chamber is simply placed as near the pump as 
it is feasible to install it. 

An air chamber installed on the discharge side of a 
pump tends to cause a continuous discharge of water 
during the non-effective periods of pump action. In 
the suction chamber, however, instead of pressure ex- 
isting, there is a partial vacuum present when the pump 
is in operation. Owing to the vacuum a constant flow 
of water is assured during the non-effective periods of 
the pump stroke. Thus the vacuum chamber is used 
both as a cushion for stopping the flow of water and 
as an agent in starting the water on the succeeding 
stroke. This is true in theory only, as in actual prac- 
tice the flow of water is practically continuous, the de- 
gree of vacuum being the only variable, just as on the 
discharge side, the flow is continuous and the pressure 
in the air chamber variable. 
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The size of the chamber required varies with the 
type of pump used. Some engineers advocate a dis- 
charge chamber of from one to two times the capacity 
of the water cylinder. If a single-cylinder pump is 
used, a larger chamber will be required than if a two- 
cylinder pump is used. 

Although it is common practice to have the suction 
air chamber the same size as the discharge chamber, 
it would seem more practical to consider each installa- 
tion by itself. The discharge air-chamber should be 
larger if the discharge lines are long and if there is a 
considerable head. In some cases the suction chamber 
may be larger than the discharge chamber where the 
suction line is long. There are so many variables, such 
as piston speed, length of line, friction in pipes, etc., 
that all these things should be carefully determined 
before specifying actual sizes for air chambers, for 
chambers of incorrect proportion may prove of little 
value in pump operation. W. V. FITZGERALD. 

New York City. 


How a Large Saving Was Made 
in a Small Boiler Plant 


There are many plants in which it is possible to make 
considerable reduction in fuel and operating costs with- 
out installing any new equipment or spending any money 
in changing over existing equipment. This is especially 
true in small plants running twenty-four hours a day, 
equipped with hand-fired boilers. I once had charge of 
a plant of this type, where a few changes in the methods 
of firing and operating the boilers brought about a 
saving of over $900 a month without laying out any 
money on the plant beforehand or making any changes 
in existing equipment. 

This plant had four return-tubular boilers and burned 
twenty tons of coal a day. The steam output from 
7 a.m. to 6 p.m. was about 17,000 Ib. an hour, and during 
the night run it was around 13,000 lb. an hour. Gene- 
rating around 360,000 lb. of steam per 24 hours with 
20 tons of coal at $8.10 per ton gave a fuel cost of 45c. 
per thousand pounds of steam. The labor cost of the 
boiler plant, including firemen, firemen’s helpers and 
coal passers, amounted to $36.75 a day. This increased 
the steam cost by 10.2c. per thousand pounds, giving a 
total cost of 55.2c. I knew from previous acquaintance 
with engineers who had held the chief’s job at this 
plant, that it would be useless to suggest the purchase 
of any equipment for promoting efficiency, so it was a 
case of operating the present equipment to the best 
advantage. One of the first things I noticed in the 
boiler room was that the firemen always fired about 
twenty shovels of coal at each firing. As the area of 
the grate in each furnace was only 33 sq.ft., this was 
more than twice the amount that should be fired at 
any one time. Also, the fires were carried so heavy, 
particularly at the front of the grate, that they were 
never bright. When using the rake, the firemen simply 
pushed the coal away from the door one or two feet so 
that additional coal could be shoveled in. To carry the 
normal load of 17,000 lb. of steam per hour four boilers 
were being used, the fireman handling two fires and 
the helper the other two. During my experience with 
boilers of this type I had handled loads of 20,000 Ib. of 
steam per hour with three boilers, so I did not favor 
operating four boilers for a lighter load. However, 
1 did not wish to change the schedule too abruptly, as 
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I was already aware that the labor turnover in this 
particular plant was rather high. 

To determine what changes could be made in the 
operating of the boilers, I decided to fire them for two 
or three days myself. The first day I carried the load 
on three boilers and found that they were not being 
forced. When firing, I would throw four scoops of coal 
through one door of No. 1 boiler, then four scoops 
through the first door of No. 2 and the same with No. 3. 
After a short interval I repeated the firing through 
the other fi-edoor of each boiler. I carried a fuel bed 
about 9 in. deep and level back to the bridge wall. 
As soon as the damper regulator started to open, I took 
the rake and leveled all fires. The fires were kept bright 
by this method, and the damper remained closed for a 
longer period than with the former methods of firing. 
Also, a considerable decrease was made in the amount 
of coal burned. In view of the lighter load at night, 
we decided to operate from 6 p.m. to 7 a.m. on two 
boilers. Accordingly, we took the boiler with the dirt- 
iest fire and after burning down one side, we banked 
the other side and took it off the line. After a week’s 
operation under this system we checked up the coal 
consumption and found that we had reduced the fuel 
consumption about 21 tons. This meant a saving of 
33 tons a day, or approximately 17 per cent. 

Thinking that the management would be interested 
in any plans for saving fuel that I had, I took the 
matter up with the superintendent. He came into the 
boiler room around 5 o’clock one evening as we were 
preparing to take a boiler off the line. He immediately 
exclaimed, “Well, only two boilers going! You don’t 
need two men on this shift any more, with two boilers 
shut down. We’re short of men in the yard, and we'll 
take the helper on the 3 to 11 shift and 11 to 7 shift. 
I don’t intend to let them loaf in here at night.” No 
word of praise or appreciation for the fuel saving that 
had reduced his operating costs $170 in one week. 

For a few days we ran the boiler room with two men 
less, but the firemen did not take this change in a very 
friendly spirit. After a week or so one of them quit to 
take a job in another plant. The engineer on the 11 to 7 
shift agreed to fire the boiler, for a 25 per cent raise in 
wages. This was put up to the management and they 
promised to consider it. The fireman on the 3 to 11 
shift was offered a bonus if he would operate the boiler 
without assistance and the same offer made to the other 
man on the 7 to 3 shift. The management did not take 
kindly to the idea of paying a bonus, but they knew 
that it would be difficult to replace the boiler-room crew 
and could not afford to risk a shutdown, so they agreed 
to give each fireman a 20 per cent bonus and a 25 per 
cent bonus to the night engineer. 

The change made in the method of firing the boilers 
and the reduction in the operating staff resulted in a 
considerable decrease in operating costs, the weekly coal 
bill being reduced from $972 to $801.90, and labor cost 
from $237 to $182.70, including the bonus of $57.18. 
Even after making this saving I could not persuade the 
management to invest any money in improving the 
boiler plant. 

Undoubtedly, there are many plants in which a sim- 
ilar reduction in operating costs might be made. It is 
my opinion that in the majority of industrial plants 
that have a twenty-four hour load, changes could be 
made that would return in less than two years the entire 
sum spent for improvements. ANDREW F. SHEEHAN. 
Holyoke, Mass. 
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Comments from Readers 








Correcting Bourdon Gages 


Under “Questions and Answers” in the Sept. 30 issue 
I note the reply to the question asked by J. B. relative 
to the “Correction of Bourdon Gages.” 

In my experience with the repair and testing of Bour- 
don gages I have found the adjustment of the move- 
ment of the pointer quite simple. 

If J. B. will remove the hand and face of his Bourdon 
gage, he will find that the end of the Bourdon expan- 
sion coil is connected to the pointer shaft by a simple 
system of adjustable levers and gears, usually a lever 
of the “first class,” with its shaft or fulcrum between 
the two applied forces. By loosening the setscrew fast- 
ening the connecting rod from the end of the coil, 
proper adjustment can be made. 

If the gage is too fast, or “heavy,” move this screw 
outward or lengthen this arm of the lever, which short- 
ens the travel of the rack and gear that turns the 
pointer. This slows down the motion of ‘the pointer. 
If the gage is slow, or “light,” shorten this arm for 
greater rotation of the pointer. A few adjustments 
back and forth will give the proper location for the 
given scale. Some gages have different arrangements. 

On some gages it is thus possible to change the scale 
within certain limits. It is often possible to resurrect 
an over-expanded coil by compressing the bulge to its 
original size by means of a vise or pliers, and adjusting 
the pointer travel as already suggested. 


Pittsburgh, Pa. L. G. JONES. 


Mercury in Process Work 


In the Oct. 7 issue of Power there was a paragraph 
on the use of mercury vapor for high-température in- 
dustrial heating, presumably in process work. At 30-in. 
barometer mercury boils at around 676 deg. F., and 
to maintain sufficient vacuum to avoid danger of leak- 
age, working temperatures would probably be below 
600 deg. F. This field is already satisfactorily covered 
by a system using a very high test oil, circulated 
through a boiler and suitable coils or jackets in the 
process vessels by a small pump in the same manner 
as a forced hot-water circulating system. The oil sys- 
tem has several advantages, such as cheapness of filling 
liquid, entire absence of danger to operators’ health, 
less complication due to absence of vacuum pump and 
special precautions for draining liquid mercury con- 
densed in the piping back to the boiler, and steadier 
operating conditions due to heat stored in the system 
acting as a flywheel on sudden changes. 

In still higher temperatures, where a pressure in 
the mercury piping would be required, it is probable 
that electric heating would prove cheaper on account 
of the much smaller amount of apparatus required and 
lack of precautions necessary for protecting the health 
of workmen in the vicinity. 

The use of all such indirect heating methods as 
herein described is to remove the fire, the primary 





source of the heat, from the immediate vicinity of 
inflammable constituents involved in the process, and 
this essential feature, the transfer of mercury vapor 
to a distance through pipes, with accompanying phe- 
nomena of condensation, etc., seems to be the one those 
interested in the development of the mercury turbine 
and boiler have been most anxious to avoid. } 

The writer feels that the paragraph takes too opti- 
mistic a view of the possibilities of mercury vapor 
heating and that its possibilities as a working fluid 
for conversion of heat into work should not be con- 
fused with those of a simple transfer agent for heat 
from one body to another. A. D. FISHER. 

New Haven, Conn. 

[In the paragraph under discussion the statement 
was made that mercury has a slight temperature change 
for a large pressure change. This is, of course, incor- 
rect, and the intention was to say that for a small 
pressure change mercury has a large temperature 
change.—Editor. | 


Personal Service Sales 


I have read many of the “front page talks” that 
have appeared in Power and enjoyed them. Some of 
them were perhaps over my head, and with others I 
could not make my own experience jibe. 

The foreword in the July 29 issue entitled “Useful 
if Used,” is, however, very much to the point and in 
my opinion applies to nine cases out of the proverbial 
ten. I should like to ask what is the trouble, or rather, 
where is the trouble? Is it because the individual mak- 
ing the sale, or the organization it represented, fell 
down after the account was collected? In other words, 
in making a transaction complete, is it not almost 
obligatory on the part of the organization to see that 
the contact with the customer does not cease with the 
payment of the account? Also should it not make sure 
that, after the instruments are put into service, some- 
one visits the plant from time to time to see that the 
instruments are being operated properly and if not, 
to find out why? 

Furthermore, would it not be considered a point of 
honor for the sales engineer, before closing the order, 
to make certain that the owner understands that he 
is buying no technical course or preliminary training 
for his engineer? In other words, if he is selling over 
the heads of the organization and over the “pay point,” 
where is the permanent gain either to the organizatio.a 
or to the fraternity at large engaged in power-plant 
operation betterment? » 

I have sold and purchased considerable equipment 
of the type under discussion and had it fall down in 
operation because the owner or the so-called engineer 
expected it to run the plant for him once it was started 
up. All of which brings up the question, Is the sale 
of the equipment referred to one purely of equipment or 
one of service as well? L. E. POLLARD. 

Canton, Ohio. 








The Average Workman 


The great army of skilled workmen may be classified 
as the men who know, and the men who think they 
know. One is master of his job; the other a slave to 
uncertainty. The man who knows, makes use of his 
experience and training. He is sure of himself. There 
is no guesswork to his methods. He knows what to do 
and how to do it with the least amount of wasted en- 
ergy and time. The result is that he does good work in 
good time. 

The man who thinks he knows is always trying but 
seldom succeeds, as the thing he seeks is usually just 
out of reach. He has no definite idea of what he is 
doing or how to do it. He may come out all right, and 
he may not. In the last analysis it will be found that 
he is not as dependable and accurate as the man who 
knows. 

By striking a mean average of the two general classes 
of workmen mentioned, a third class may be obtained, 
who constitute a large percentage of the total—the 
average workmen. Every one knows the type—steady, 
fairly dependable, nothing brilliant, just good plodders 
who obey orders and put in the day. 

Why the various grades of workmen in the same line 
of work? There must be a reason for the varying 
abilities of men to do the same work. One reason, and 
a good one, is lack of initiative. When the average 
man is able to hold down a job, he is satisfied to let it go 
at that. He gets into the large class of “average work- 
men.” This brings forward a second reason, laziness. 
It is easy to follow along in the line of least resistance. 
It doesn’t take much effort or initiative to just do a 
job of work. But it does call for a little expenditure 
of gray matter to work out ways and means whereby the 
quality of product may be improved or the methods 
employed in different processes more successfully ap- 
plied. The average workman will contend that this is 
not a part of his duties. Strictly speaking, it is not. 
But the live wire will see that it is made a part of his 
duties. It is true that everyone cannot be president 
or manager or chief. It is also true that everyone need 
not be an “average workman.” 

Industry everywhere is crying for the above-average 
men, men who may be developed into leaders. Such men 
are limited only by their willingness to work and learn. 
Every man in authority today had to make a begin- 
ning. There was a time when he knew absolutely 
nothing of his present business. But that was no rea- 
son why he should stay that way or why he should learn 
it halfway. His present position is not the reward of 
indifferent work or careless methods, nor did he joy-ride 
to it by way of the evening movies. Luck or pull will 
occasionally land a man in a good position, but it will 
not keep him there. Be assured that there is something 
behind the man in authority other than luck or pull. 
Industry is quick to spot the aggressive go-getter and 
to take recognition of his possibilities. 

The average workman considers that his day’s labor 
is over when the evening whistle blows, but in truth he 
is squandering the best hours of his life from 7 until 
10 p.m. It takes will power to buckle down to evening 
after evening of baffling problems and unintelligible 
diagrams, but the goal is usually worth the effort. 
Don’t close up shop when the whistle blows at night. 
Next time a particularly knotty problem comes up in 
the day’s work, take it home with you. In the quiet 
of your home go over the problem in detail and note how 
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much better the powers of analysis and concentration 
can be focused on the problem at hand. Your employer 
is not paying for this service, but you are the gainer 
in more ways than one, nevertheless. 

In this enlightened age, where opportunities for se- 
curing an education are so numerous, there is little 
excuse for any man’s not acquiring what technical edu- 
cation may be necessary in his particular line of work. 
Night schools, correspondence schools, trade journals 
and the free public library are a few of the sources 
available to the man who really seeks knowledge. 

The average man waits for opportunity, but seldom 
knows how to grasp it when it does come. He takes no 
chances and makes no mistakes, hence he is not capable 
of standing up to the big chance when it is within his 
grasp. Don’t be afraid to make a mistake. The man 
who never makes a mistake never gets very far. 

Every man in the ranks has an equal opportunity to 
get ahead. It is largely a matter of individual effort. 
And that individual effort means three things—indus- 
try, initiative and judgment—of which a great deal 
might be said concerning the last. You owe it to your- 
self and all concerned to be something more than an 
“average workman.” A. R. KNAPP. 

Louisville, Ky. 


The Venturi Meter for Ammonia 


An editorial in the Sept. 2 issue points out the im- 
portance of developing a reliable flow meter for am- 
monia in the refrigerating plant. The need seems to be 
quite analogous to that which obtained in boiler plants 
some fifteen or twenty years ago when such plants were 
operated solely to “keep up the steam pressure,” with 
little thought of economy. Boiler-feed and steam meters 
have been factors of first importance in the remarkable 
savings that have been made in the generation of steam. 
Similarly, such devices, it would seem, might be equally 
effective in the economic production of refrigeration. 

The problems involved, however, in the measurement 
of ammonia, have presented some difficulties. In a part 
of the circulation system the ammonia is in the form of 
a gas; in the remainder it is in a liquid state. Appar- 
ently, either the gas or the liquid can be metered; 
practically, however, the extreme changes in the density 
of the gas in any system and the impracticability of 
correcting automatically in the meter for such variation 
has confined attention to measuring the liquid, at least 
for the present. 

The article referred to advocates metering the am- 
monia as it leaves the condensers and at the same time 
points out the difficulty of obtaining accuracy at this 
point due to the ammonia coming down in slugs, par- 
ticularly in the older condensers of obsolete design. 
The proper place to measure the ammonia, however, is 
between the liquid receiver and the expansion valves 
where, from the viewpoint of economy, the pipe line 
should always be found filled with solid liquid, a neces- 
sary requirement for accurate metering. Experience 
indicates that in a few of the older plants this point 
may have to be checked carefully, as there may not be 
sufficient ammonia in the sytsem, or possibly additional 
venting and purging need be provided to make certain 
that the outlet opening of the receiver is sealed with 
liquid at all times. In the more modern plants a con- 
tinuous supply of solid liquid from the receivers is 
always assured. 

During the last few years gratifying progress has 
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been made, through temporary and permanent installa- 
tions in various kinds of plants, in adapting the venturi 
meter to the measurement of liquid ammonia. Among 
the most important and successful calibrations are those 
conducted in the plants of the Merchants Refrigerating 
Co., of New York City, and under the direction of the 
executive engineer, George A. Horne, in connection with 
studies on compound ammonia compression as reported 
by him in several papers prepared for the American 
Society of Refrigerating Engineers. Other tests have 
been made in smaller plants in Providence, R. I. 

One serious difficulty encountered early was the for- 
mation of gas in the throat of the venturi tube due to 
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the natural drop in pressure at that point. This at 
once destroyed accuracy, since a mixture of liquid and 
gas cannot be accurately measured in a meter of the 
so-called velocity, or head, type. To overcome this, it 
has been found necessary to do one of two things: 
either locate the meter where the pressure head is suffi- 
cient to allow a drop at the throat without gasification, 
or sub-cool the ammonia just before it enters the meter 
tube. Not many plants have the ammonia receivers at 
a sufficiently high elevation to obtain the required extra 
head at the meter, therefore it will usually be found 
necessary to install a small pre-cooler in the liquid line 
between the receiver and the meter, using brine or 
water as the cooling agent. A drop of about 10 deg. F. 
in liquid temperature at this point is easily secured and 
provides amply for all rates of flow. 

It is manifestly necessary to prevent the liquid am- 
monia from entering the indicating and recording in- 
strument. This is effected through the use of two “oil 
seals,” one on each of the two pressure pipes connecting 
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the venturi tube and the venturi instrument. The seal 
is of steel pipe with a welded head at the bottom, a 
welded flange at the top and equipped with standard 
ammonia gage glass fittings with ball checks for pre- 
venting escape of ammonia in case of breakage. The 
instrument, seals and the connecting pressure piping 
are kept filled with a light refrigerating oil during oper- 
ation. It is desirable to have a small hand oil pump 
connected into this piping system for occasionally re- 
establishing the oil level in the seals, as shown by the 
gage glasses. Valves and other fittings are necessarily 
of the ammonia pattern. 

The accompanying drawing illustrates a typical ven- 
turi ammonia meter installation and the position of the 
meter relative to the other plant units. The venturi 
register has a special mercury well arrangement at the 
back to prevent any possibility of bypassing between 
the inlet and throat oil seals whereby the ammonia 
might gradually reach the interior of the register. The 
valve arrangement contains emergency shutoffs, permits 
the equalization of pressures for testing mechanical ad- 
justments and provides for accessibility of the mercury 
float mechanism. The instrument illustrated furnishes 
an indication of the rate of flow in “pounds per hour” 
of ammonia, records the rate of flow continuously on a 
twenty-four hour chart and gives the “total pounds” 
of ammonia that have passed through the meter tube. 
Another type indicates and records the rate of flow 
only; still another simply shows the rate of flow on a 
graduated vertical scale opposite the upper level of a 
differential mercury column of the barometric type. 

Actual experience has demonstrated that definite ad- 
vantages accrue from the use of a meter in increasing 
efficiency of refrigerating-plant operation. Prominent 
among such advantages are the following: 

The prompt detection, through comparison of the rate 
of flow reading with the liquid level in the receiver, of 
any falling off in compressor output. 

Similarly, affording a reliable basis for the determi- 
nation of the volumetric efficiency of the compressor. 

Serving as an infallible guide to the operator in 
regulating the expansion valve, so that a uniform rate 
of expansion is obtained equivalent to the rate at which 
the ammonia is circulated, thereby diminishing the 
possibility of a liquid “slop-over” which might be re- 
turned to the compressor. 

Furnishing a graphic-chart record of the time and 
duration of any passage of gas through the liquid am- 
monia line. 

John E. Starr, consulting engineer, of New York 
City, clearly summarizes the problem and its solution 
as follows (quotation from “A. 8. R. E. Journal” for 
January, 1922): 


The practical use of this method, the absence of intricate 
machinery and the ability to read directly on a scale, in 
pounds per minute, the results of a slight difference in 
flow, should appeal to every refrigerating engineer. It pre- 
sents a method of keeping instantaneous analysis of plant 
operation, as after all, an instant knowledge of the pounds 
of liquid ammonia used per minute gives at once the ton- 
nage of the plant. It also inclines the mind of the operat- 
ing engineer in the right direction, as he can readily per- 
ceive the capacity of his plant and, especially in electrically 
driven plants, can momentarily perceive its efficiency. The 
main object of any plant is to deliver to the evaporating 
system as many pounds of ammonia as possible at the 
lowest cost per pound, to the end that the cost per ton may 
be as low as possible. 


Providence, R. I. CHARLES G. RICHARDSON, 


Builders Iron Foundry. 
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Action of Unbalanced Pressure of Atmosphere in 
Operation of Suction Lift 


How does the unbalanced pressure of the atmos- 
phere have an effect on the operation of a pump with 
suction lift? F. W. D. 


When a pump has a suction lift, the vacuum or 
partial vacuum, made by displacement of the pump 
piston, causes less pressure than atmospheric pressure 
in the pump cylinder and upper part of the suction 
pipe. Then, when the pressure in the pump cylinder, 
together with the pressure due to the height of water 
in the pump or suction pipe above the suction level, is 
less than atmospheric pressure acting on the surface 
of the suction water, the atmospheric pressure is un- 
balanced and, from sufficient unbalanced pressure of 
the atmosphere, the suction water is forced up into the 
suction pipe and delivered to the pump cylinder. 


High Ammonia Suction Temperature 


What is the correct temperature for the suction side 
of an ammonia compressor under the following condi- 
tions: Suction pressure, 15 lb. gage; discharge pres- 
sure 125 lb. gage; water on and off condenser, 54 and 
65 deg. F.; brine temperature, 15 deg.; discharge tem- 
perature, about 250 deg.? We get a suction tempera- 
ture of 50 to 60 deg. F. with the conditions stated. 
This is a typical hotel plant making ice in 200-lb. cans 
and pulling about 15 cans a day. We have brine cir- 
culating through the various kitchen coolers at a pres- 
sure of 45 lb. gage. We are having trouble with the 
frost coming off the cooler coils, and they warm up. 
There is a double-pipe brine cooler in the brine tank 
itself. Water for the condenser is obtained from a well 
100 ft. deep with a deep-well steam pump. My books 
on refrigerating temperatures give for the suction gage 
pressure a temperature of 0 deg. F. and a temperature 
of 75 deg. F. for the discharge at 125 lb. gage? 

B.G.8. 

The fact that you are actually freezing ice, indicates 
that you are carrying a temperature in the ice tank of 
less than the freezing temperature, that is, below 32 
deg. The statement that the brine going to the kit- 
chen coolers is at 15 deg. F. is evidence that the double 
pipe cooler is at 15 deg. or less, which would call for 
an ammonia temperature of about 0 deg., which cor- 
responds to the suction pressure of 15 lb. gage. Evi- 
dently, then, the temperature at the compressor suction 
of 50 deg. F. is due to superheating of the 
suction pipe line. This line should be thoroughly in- 
sulated. Since the water temperature is 54 deg. on 
and 65 deg. F. off the condenser, the temperature of 

‘ the ammonia liquid in the condenser should be around 
70 deg., corresponding to the boiling temperature at a 
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pressure of 115 lb. gage. The difference between 115 lb. 
and the actual condenser pressure, 125 lb., is due to a 
small amount of trapped air. 

As is well known, where ammonia vapor is drawn into 
a compressor and compressed to the discharge pressure 
(125 lb. in this case), its temperature increases since 
the work of compression reappears as heat energy in 
the gas. The temperature at discharge may be com- 


puted by the equation T, = T, (5). or substitut- 
8 
ing the values of suction temperature in terms of 
absolute temperature (460 + deg. F.), as well as the 
suction pressure P, and the discharge pressure P, in 
terms of absolute pressure, the discharge temperature 
12 , 
T, = (50 + 460) (a os 796, or in 


15 + 15 
terms of degrees Fahrenheit T; —= 726 — 460 — 266 


deg. F. This is practically the same as the reading 
given. 

Attention is called to the fact that the 75 deg. for 
125 lb. gage pressure shown in your books is the boil- 
ing temperature at 125 lb., and its bearing on the 
problem is simply that the boiling temperature deter- 
mines the condenser pressure (if no air be present) 
and the condenser pressure determines the temperature 
of the discharge gas with a given suction temperature 
and pressure. The whole trouble resolves down to un- 
protected suction lines, which permit the cold suction 
gas to pick up a lot of heat. 


Capacity of Power Line 


The circuit from which we get our power for motors 
is a 33,000-volt line 35 miles long and is worked to the 
full carrying capacity. With 44,000 volts at the station 
what will be the increase in available power over this 


A\ 2 
line? Would it be (3) = ; = 14 of original delivery, 


or is there an added ohmic resistance to be consdered? 
G.N.S. 

Increasing the voltage of the transmission line from 

33,000 to 44,000 will increase its capacity one-third, 

allowing the same voltage drop in the line as at the 

present time, or it will increase the capacity of the 


line : as you calculated, allowing the same percent- 


age drop in the line. For example, assume that with 
33,000 volts there was a 10 per cent voltage drop in the 
line, which is 3,300 volts. If this drop is allowed in 
the 44,000-volt line, then the capacity will be increased 
only one-third over the 33,000 volt. On the other hand, 
if a 10 per cent drop is allowed the same as in the 
33,000-volt line, then with the higher voltage you will 
have a 4,400-volt drop, and under these conditions the 
capacity of the line will be increased by seven-ninths. 
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Changes in System Frequency 


Is there such a thing as frequency drop? By this 
I mean, is it possible that the frequency at any point 
in a transmission line is lower than the frequency at 
the generating station? F. 2. 


There is no such thing as frequency drop in a power 
system. The frequency of an alternating-current power 
system is determined by the speed and number of poles 
in the alternators and is equal to the number of poles 
in any one machine, multiplied by the speed of that 
machine, divided by 120. This gives the frequency of 
the system in cycles per second. Since the number 
of poles in the machine is constant, the only change in 
frequency that can occur is that due to a change 
in speed in the alternator. Four-pole machines have to 
operate at 1,800 r.p.m. in order to generate a 60-cycle 
current. If the speed is increased above this value, 
the frequency will increase in direct proportion, and 
inversely, if the speed is decreased the frequency will 
be decreased in direct proportion. Short-circuits, 
arcing ground, flash-overs or insulators and even 
switching operations may cause surges to occur on the 
system, but these are only of short duration and their 
frequency is superimposed on the frequency of the sys- 
tem. However, these are more or less local in their 
action and in general do not spread all over the system. 


Obtaining the Volt-Amperes in a 
Three-Phase System 


Why is it necessary to multiply the watts by V3, that 
is, 1.732, in order to obtain the volt-amperes in three- 
phase calculations? Is such a constant used in con- 
nection with two-phase calculations ? é. oo 


The current in the different lines of a three-phase 
circuit, where the windings are connected in delta, is 
equal to the current of one phase times 1.732. This 
is so because in each line two phases are supplying 
current which is out of step by 60 deg., the resultant 
of which is a current equaling the value of one times 
the square root of 3, or 1.732. On a star-connected 
system the current per lead is the same as the current 
in each winding, but the voltage of each winding is the 
voltage between phases divided by the square root of 
three. Therefore, in one case the current per lead is 
1.732 times the current per winding, and in the other 
case the voltage between leads is 1.732 times the voltage 
per winding. 

If the voltage of one-phase winding is multiplied 
by the current per phase winding, this will give the 
volt-amperes per phase, and multiplying this by 3 would 
give the volt-amperes for the three phases. However, 
when we come to dea! with the line current and volts, 
in the delta-connected system, the current is 1.732 
times the current per phase winding, whereas in the 
star-connected system the voltage between leads is 1.732 
times the voltage per phase winding. Consequently, on 
a balanced three-phase system, multiplying the line 
volts and current gives a product that is equal to volts 
times amperes of one phase winding multiplied by 1.732. 
Multiplying this product by 1.732 gives the same result 
as multiplying the volts and current of one phase wind- 
ing by three. The product of 1.732 and 1.782 is 3. 

Since the current and volts in the line wires ot a 
balanced two-phase system are the same as in the phase 
winding, the product of the current and volts of one 
phase times 2, gives the volt-amperes for the two 
phases, and no constant is necessary. 





Pumpage Limited by Head Pressure 


A pump that discharges through a 4-in. pipe line 15 
miles long, as shown in Fig. 1, cannot be driven at 
higher speed and capacity on account of friction of the 
discharge pipe line, which amounts to 100 lb. per sq.in. 
The pipe line discharges into a tank against atmospheric 
pressure. Will a change in the line, as indicated in 
Fig. 2 or Fig. 3, reduce the line resistance, which 
method would make the greater reduction of head pres- 
sure, and how much greater quantity of water could be 
pumped without increasing the present head pressure 
at the pump? F.W.S. 

For any rate of delivery there would be the same 
reduction of head pressure required for overcoming 
pipe-line friction from having the same length of double 
pipe section at the entrance end, as shown in Fig. 2, 
or at the discharge end, as shown in Fig. 3, or any- 
where in the line. Loss of head usually is stated as 
loss of head in feet per 100 or per 1,000 ft. length of 
pipe. One pound per square inch is equal to 2.3 ft. 
head or 1 ft. head is equal to 0.433 Ib. per sq.in. Where 
the pressure required to overome pipe-line friction is 
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Reducing friction loss of water pipe line 


100 Ib. per sq.in., there would be a loss of 100 K 2.3 = 
230 ft. head, and for a pipe line 15 miles long — 15 X 
5,280 — 79,200 ft., this would be about 2.9 ft. loss of 
head per 1,000 ft. of pipe line. From hydraulic tables 
giving loss of head in ordinary 4-in. iron pipes, it may 
be found that the discharge corresponding with this 
loss of head is about 66 U.S. gallons per minute. The 
head required to produce velocity is so small that it 
may be neglected. 

If the line is doubled for a section 5 miles long, as 
shown in Fig. 2 or Fig. 3, and there is the same total 
discharge of 66 gal. per min. from the pump, then each 
branch of the 5-mile section would be called upon to 
discharge 33 gal. per min., and for this rate of flow the 
loss of head from pipe friction would be about 0.85 ft. 
head per 1,000 ft. or for 5 miles (5 & 5,280 = 
26,400 ft.) the loss of head would be 0.85 K 26.4 = 
22.4 ft. head. Since, when pumping at the rate of 
66 gal. per min. through 10 miles, or 52,800 ft., of single 
4-in. pipe, the loss of head would be 2.9 « 52,800 ~— 
1,000 — 153.1 ft. head, the total loss of head to be 
overcome for a line like Fig. 2 or Fig. 3 would be 
22.4 + 153.1 = 175.5 ft. head = 175.5 & 0.4383 = 
75.99, or roundly 76 lb. per sq.in. For 100 lb. head 
pressure the discharge would be about 73 gal. per min. 


[Correspondents sending us inquiries, should sign 
their communications with full names and post office 
addresses. This is necessary to guarantee the good 
faith of the communications and for the inquiries to 
receive attention.—Editor. | 











One Way to Dodge Entropy 


NGINEERS have always found it 

advantageous to compare the actual 
efficiencies of the engines they operate 
with certain standards. Two standards 
are in general use for this purpose, 
both of them being ideals that may be 
approached but never quite reached in 
practice. One of these is a universal 
standard, applying to all heat engines 
including the steam engine’. This is 
known as the Carnot cycle. 

It has been absolutely demonstrated 
that no heat engine of any sort what- 
ever can have a better efficiency than 
a perfect engine working on the Car- 
not cycle between the same temperature 
limits. 

The second standard is known as the 
Rankine cycle. It applies only to 
steam engines. An imaginary perfect 
steam engine working on the Rankine 
cycle will have an efficiency somewhat 
lower than that of an engine working 
on the Carnot cycle. It should be 
mentioned in passing that the Carnot 
cycle is theoretically possible for steam 
engines, but does not seem to be prac- 
ticable. However, the regenerative or 
bleeder-heater cycle, now coming into 
general use, gives the same efficiency as 
the Carnot cycle when completely ap- 
plied to a perfect engine. 


MEANING OF THERMAL EFFICIENCY 


The actual or thermal efficiency of 
any engine whatever (whether it be an 
actual steam engine, an actual oil en- 
gine or an imaginary perfect engine 
working on any cycle) is the ratio of 
the heat turned into work to the total 
heat supplied. If 1,000,000 B.t.u. are 
supplied to a steam engine during a 
certain period and 200,000 turned into 
work, the thermal efficiency is 20 per 
cent. 

The Carnot cycle is one in which all 
the heat is received by the engine at a 
single high temperature and all the 
heat remaining after part of that sup- 
plied has been turned into work is re- 
jected at another single temperature, 
which of course is lower than the first. 
The efficiency of a perfect engine work- 
ing on this cycle is expressed by the 
formula 
— T.—T: 
~ ie 
where E is the thermal efficiency, 7; 
the absolute temperature at which heat 
is received by the engine and T, the ab- 
solute temperature at which it is re- 
jected. Absolute temperature is fig- 
ured by adding 460 to the Fahrenheit 
temperature. 

Any cther engine working between 
the same upper and lower temperature 
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_ ‘Throughout this article “steam engine” 
is used in a broad sense to include both 


steam turbines and reciprocating engines, 
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Sidelights on things generally used 


but less generally understood 





limits, but receiving part of its heat at 
a lower temperature than 7: or re- 
jecting part at a higher temperature 
than T., will be less efficient. This is 
the case with the Rankine cycle. 

In the Rankine cycle steam is ad- 
mitted to an engine (or turbine) in the 
usual manner, expanded completely to 
the back pressure and then exhausted 
through a heater that furnishes the 
boiler with feed water at the exhaust 
temperature. The term “engine” must 
be understood to include the entire 
water-and-steam circuit. All the heat 
rejected is at the lowest or exhaust 
temperature T:, just as in the case of 
the Carnot cycle. Not all, however, of 
the heat added is supplied at the higher 
temperature 71, which is the tempera- 
ture of the steam at the throttle. All 
the heat used in the boiler to warm up 
the feed water from the exhaust tem- 
perature to that of saturated steam at 
the boiler pressure is added at tem- 
peratures below T:. 


RANKINE AND CARNOT CYCLES 


Fortunately, it requires much more 
heat to evaporate the water than it 
does to warm it up to the saturation 
temperature. All this heat of vaporiza- 
tion is added at constant temperature. 
Where the engine operates on saturated 
steam this is the top temperature 71. 
Thus the efficiency of a perfect Ran- 
kine engine operating on saturated 
steam is from 85 to 100 per cent’ of 
that of a Carnot engine. 

With superheated steam the latent 
heat is added at a temperature con- 
siderably below the highest tempera- 
ture T;. As a result the efficiency of 
a perfect engine working with super- 
heated steam is considerably lower 
than one working with saturated steam 
for the same maximum temperature. 
For the same pressure (the usual case 
in practice) superheating increases 
both the actual and theoretical effi- 
ciency, although nowhere near so fast 
as the same rise in temperature would 
increase the efficiency of a Carnot 
engine. 

Since the Rankine cycle is so widely 
used, it is unfortunate that all the 
methods now in vogue for figuring the 
efficiency of a perfect Rankine engine 
require the use of “entropy.” While 
fairly easy to handle as far as the 
actual figuring is concerned, no concept 
in steam engineering is harder to 
grasp. Most engineers find it impos- 
sible to get a satisfactory picture of 
entropy in the sense that they picture 
heat, temperature and pressure. At 
best it seems a mathematical abstrac- 
tion. 

It therefore seems worth while to de- 
velop other more easily pictured 





*The less the expansion the closer the 
efficiency of the Rankine engine approaches 
that of the Carnot engine, 
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methods for figuring the efficiency of a 
perfect Rankine engine. Perhaps the 
most satisfactory method is to split the 
cycle up into steps and apply the Car- 
not formula separately to each step. 
Each bit of heat added during the 
cycle is used with an efficiency figured 
by the Carnot-cycle formula, using the 
particular absolute temperature at that 
point for 7; and the exhaust tempera- 
ture for T: For example, heat added 
to the feed water at a temperature of 
300 deg. F (760 absolute) with an ex- 
haust temperature of 220 deg. F (680 
deg. absolute) is used with an efficiency 
760 — 680 


0 Sanath eaininiecinemee 


PROBLEM WORKED OUT 


The application of this method can 
best be explained by an example. Take 
the case of a perfect Rankine engine 
using steam at 200 lb. absolute pres- 
sure and 100 deg. superheat, the ex- 
haust pressure being one pound abso- 
lute. From the steam tables it is found 
that the exhaust temperature is 102 
deg. F, the evaporation temperature 
382 deg. F. and the superheat tempera- 
ture 482 deg. F. It is also found that 
the heats added in various parts of the 
cycle are as follows: Heating up feed 
water, 285 B.t.u.; evaporation, 843 
B.t.u.; superheating, 59 B.t.u. While 
not absolutely equivalent to what 
actually happens, no appreciable error 
will be incurred by assuming that the 
heat added in warming feed water or 
in superheating is added at a constant 
temperature halfway between the initial 
and final points. This average tem- 
perature is 242 deg. F (702 absolute) 
for the feed heating and 432 deg. F. 
(892 absolute) for the superheating. 
Evaporation occurring at the constant 
temperature of 382 deg. F. (842 abso- 
lute), no approximation is there 
necessary. 

The efficiency of use of the heat sup- 
plied in warming the feed water will 
702 — 562 
702 
heat turned into work, 0.199 x 285 
= 57 B.t.u. In the same way the heat 
turned into work in the next two steps 
will be 280 B.t.u. for the latent heat 
and 22 B.t.u. for the superheat. This 
useful heat totals up to 359 B.t.u. The 
total heat supplied in the three steps 
is 285 + 843 + 59 1,187 B.t.u. 
Therefore the efficiency, or the fraction 
turned into work, is 359 + 1,187 
0.302. 

That the assumptions made in this 
computation do not involve any ap- 
preciable error may be seen by com- 
paring this result with that obtained 
by the orthodox method of computa- 
tion using entropy. The result thus 
obtained is 0,301, 


then be 





= 0.199, and the 
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New and Improved Equipment | 








New Oxweld Valve for 
Oxygen Manifolds 


The illustration shows a new type of 
valve for oxygen manifolds, recently 
brought out by the Oxweld Acetylene 
Co., 30 East Forty-second St., New 
York City. 

The valve seat is formed in the valve 
body, and the stem tip, or what is 
usually termed the disk, is flexibly 
connected to the stem by means of a 
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Oxygen valve has safety features 


tee-slot. The stem screw is in the inner 
end of the stuffing box, which is made 
gastight into the body by means of a 
lead gasket. The stem itself is made 
gastight by compressing a rubber pack- 
ing between two packing rings. 

Care has been taken in the design 
of the valve to make it as nearly fool- 
proof as possible. If the operator 
should happen to unscrew the hand- 
wheel all the way or should unscrew 
both the stem and the gland, there is 
no possibility of the internal parts be- 
ing blown out by pressure because the 
stem tip or disk is provided with a 
shoulder to lodge against the inner 
end of the stuffing box. 


Alden Turbine-Condenser 
Expansion Gasket 


The difficulty in making a satisfac- 
tory turbine exhaust nozzle joint has 
led to the development and testing of 
a simple type of hydraulic or pneu- 
matic expansion gasket which requires 
no flange bolting and is made of rubber 
tubing. This expansion gasket is made 
of high-temperature gum, to withstand 
temperatures that would prevail under 
atmospheric conditions, in the form of 
a circular tube provided with two small 
openings for the introduction and, if 


desirable, the circulation of water under 
pressures as low as 10 lb. per sq.in. 
As shown, the gasket is mounted be- 
tween the faced and unbolted flange 
surfaces of the turbine exhaust nozzle 
and the condenser inlet nozzle. It will 
permit of expansion in any amount to 


[nlet 








condenser and the turbine to less than 
two inches. Also, it will be seen that 
the gasket is removable without dis- 
mantling any of the parts or without 
special provision having to be made for 
the purpose in the foundation piers. 
As an emergency provision to prevent 
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Fig. 1—Alden rubber expansion gasket in place between turbine 
and condenser nozzles 


be met with in practice and in any 
direction, without subjecting either the 
turbine casing or the condenser shell 
to any induced stresses. The gasket 
is adaptable to a pipe section of any 
shape—circular, rectangular or ellipti- 
cal. Experience has shown that a tube 
33 in. in diameter will probably meet 
all conditions, but upon occasion it can 
be made in larger or smaller sizes. 


the vacuum from drawing in the rubber 
tube, a segmental retaining ring is 
bolted to the inner surface of the con- 
denser exhaust inlet. Provision is made 
also for a water seal outside the gasket 
should any irregularities in the metal 
surfaces develop that might make this 
desirable. 

The drawing shows the two nozzle 
connections to the gasket, one to admi’ 
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Pressure in Gasket at Which Leakage Started, lb.Gage 
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Fig. 2—Diagram of testing equipment and curves showing inflation 
pressures at which leakage starts 


One method of mounting this expan- 
sion gasket is shown in section in Fig. 
1. It will be noticed that the actual 
joint is made by the expansion of the 
gasket, under the influence of the 
pressure, against the flange faces. It 
reduces the vertical distance necessary 
for making a flexible joint between the 





the water supply that inflates the gzs- 
ket and the other for relieving the air 
to avoid air pockets when filling the 
gasket, and under non-condensing op~r- 
ation to provide for the circulation -‘ 
sufficient water through the gasket to 
keep it cool. 

Shop tests were made with a 33-in. 
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gasket mounted between two flanges, 
as shown in Fig. 2. It will be noticed 
from the curves included in Fig. 2 that 
the critical water pressures inside the 
gasket at which leakage started have 
been determined for various distances 
between flange faces and that this in- 
formation, together with the results of 
the service test, will enable a designer 
to proportion a joint in such a way 
that it will be reliable over a wide 
range of conditions. In making the 
characteristic tests, the gasket water 
pressure at which leakage began was 
determined by providing the gasket 
with an external water seal and notic- 
ing by the decrease in water level in 
this seal the gasket pressure at which 
leakage started. 

The design and commercial applica- 
tions of the gasket are being secured by 
letters patent. The development work 
in connection with commercial applica- 
tions has been under the supervision of 
the Allis-Chalmers Mfg. Co. and the in- 
ventor is B. W. Dennis of Columbus, O. 


L. & M. Commutator 
Turning Tool 


The illustration shows a commutator 
turning tool that is being distributed by 
the Green Equipment Corp., Monad- 
nock Bldg., Chicago. The mounting 
bracket is placed over the commutator 
and secured to the motor or generator 
frame by hook bolts, and by means of 
setscrews on either side, which turn 
down against the frame, the tool is 
brought into proper alignment with the 
commutator shaft. A holder adaptable 
for height by means of a thumbscrew 
secures the cutting tool. The tool is 
fed across the commutator by a small 
hand crank on the end of the feed 
screw which passes through a threaded 
hole in the collar. 

The commutator is turned, either by 
its own power, a separate motor for 

















L. & M. commutator tool in operation 


the purpose, or by a hand crank such as 
is shown in the accompanying illustra- 
tion. The two motions, that of the com- 
mutator shaft and the feed of the tool, 
are not synchronized, so that when hand 
operation is employed, the services of 
two men are required, one to turn the 
shaft and the other to feed the tool 
uniformly across the commutator. 
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Fulton Oil-Burner Shutoff 
Valve 


The interlocking valve shown in the 
illustration is a safety appliance re- 
cently developed by the Fulton Co., 
Knoxville, Tenn., to protect oil-fired 
boilers or furnaces by automatically 
shutting off the oil supply when the 
atomizing pressure fails or is reduced 
below the required minimum. 

The valve is installed in the fuel line, 
and the pressure of the atomizing sup- 
ply is admitted to the sylphon bellows 
chamber through a }j-in. pipe connec- 
tion at the top, so that under normal 
condition the atomizing pressure is on 
the bellows. The pressure acting upon 
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Valve is closed by weighted lever when 
atomizing pressure falls below normal 


the bellows or diaphragm holds the 
valve open. 

When opened by hand, the valve will 
remain open as long as the atomizing 
pressure remains above the minimum 
for which the valve is set. But should 
the atomizing pressure for any reason 
drop to the predetermined minimum, 
the latch holding the valve open will be 
released, allowing the weighted lever to 
close the valve, thus shutting off the 
fuel supply to the burners, 


Automatic Compensator for 
Stariing Induction Motors 


A new automatic starting compen- 
sator, shown in the figure, for squirrel- 
cage induction motors, has been placed 
on the market by the General Electric 
Co. This starter is for remote control 
of constant-speed two- or three-phase 
squirrel-cage motors up to 600 volts 
for general applications driving line- 
shafting, pumps, compressors, blowers, 
conveyors, etc. With it such equipment 
may be started or stopped from a dis- 
tance by means of one or more small 
hand-operated push buttons or snap 
switches located within convenient 


reach of the operator or automatically 
operated by pressure governor, float 
switch, thermostat, ete. 

Definite and adjustable time acceler- 
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ation is obtained by means of a new 
induction-type relay R. Positive over- 
load protection of the complete equip- 
ment is obtained by a _ double-pole, 
inverse-time, temperature overload re- 
lay T. The starting and running mag- 























Compensator with cover removed 


netic contactors, one of which is shown 
at the top of the figure, are mounted 
back-to-back in a sheet-steel inclosing 
case. Several taps on the auto-trans- 
former provide for adjusting the start- 
ing voltage to suit the requirements of 
different installations. 


New Steel-Link V-Belt for 
Reeves Transmission 


A recent development of the Reeves 
Pulley Co., Columbus, Indiana, is a new 
steel-link V-belt for use on its variable- 
speed transmission, which heretofore 
has operated with a special rubber 
body V-belt. The new belt is a modi- 
fication of a well-known steel-chain 
belt strengthened by cross steel pins 
to withstand the side pressure brought 
upon the belt when used between the 





New steel-link V-belt 


cone disks of the transmission. Leather 
tips are securely fastened to the sides 
of the belt at an angle conforming to 
the V-shaped groove of the transmis- 
sion disks. The steel-link belt is fur- 
nished on new transmissions at the 
option of the customer and can be 
applied to transmissions now in service. 
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Behavior of Steel at Higher 
Temperatures* 


A survey of the available data con- 
cerning tests of metals at higher tem- 
peratures reveals the fact that test con- 
ditions greatly influence results. <A 
sample of steel containing 0.81 per cent 
carbon showed practically the same 
characteristics when tested below 600 
deg. F., whether the stress was applied 
fast or slowly. Above this temperature, 
however, the rate of application of the 
stress made a large difference. 

A specimen tested at 1,410 deg. rup- 
tured in 2 sec. with a tensil strength of 
about 62,000 lb. per sq.in., whereas at 
ordinary speed of testing a similar bar 
fractured at approximately half this 
amcunt, or 33,240 lb. per sq.in. This 
effect, known as “creeping,” plays a 
large part in high-temperature testing, 
so that all tests of this character should 
be accompanied by specifications as to 
conditions such as the rate of applying 
test pressures, etc. On account of the 
test conditions varying, results which 
are here compared, including a number 
of investigations, do not bear an equal 
significance, and comparisons can only 
be regarded as approximate. 

Cast iron and semi-steel tension tests, 
as reported by a number of investi- 
gators indicate that there is small 
change in tensile properties with tem- 
peratures varying from 70 to 800 deg. 
F. There are indications of a maximum 
in the tensile strength around 600-800 
deg. This, however, is smaller than in 
the case of carbon steels, and for prac- 
tical purposes the tensile strength may 
be considered constant throughout this 
range, while softening becomes quite 
rapid above 900 deg. F. Commercial 
material, known as semi-steel, indicated 
the greatest tensile strength, as re- 
ported. 

From the behavior of steel at ele- 
vated temperatures, there are, roughly 
speaking, three zones to be considered. 
On the first, from 70 to 850 deg. F., 
high strength and proportional limit 
depend upon composition and _ heat 
treatment. Conditions that give great- 
est strength at ordinary temperatures 
tend to show similar superiority in this 
range. It is advisable to keep the car- 
bon low, since decreased ductility be- 
comes more marked with increases in 
carbon content, particularly in the blue- 
heat range. 

The proportional limit is one of the 
most useful indications of the behavior 

’ of steel et elevatea temperatures. This 

is the point where the relation 01 stress 
applied tc the deformation produced, 
ceases tu become constant. As the unit 
stress in pounds per square inch is 
raised, there is a considerable range 
where the deformation produced bears 
a constant ratic ~ the unit stress. Be- 
yond a certain point this relation ceases 
to be aconstant ratio. The proportional 
limit represents the highest unit stress 
where the constant ratio exists. 

The second range of temperatures, 





*Abstract of paper, ‘Available Data on 
the Properties of Irons and Steels at Vari- 
ous Temperatures,” by H. J. French and 
W. A. cker, presented at the recent 
joint meeting of the American Society of 
Mechanical Engineers and the American 
Society for Testing Materials held at 
Cleveland. 


POWER 


approximately from 850 to 1,100 deg. 
F. represents the transition range and 
requires nearly full tempering follow- 
ing the hardening treatment, for stabil- 
ity. The benefits to be derived from 
heat treatment are limited, as practi- 
cally the entire hardness of the metal 
is required, except in some instances 
for the lower portion of this range. 
High strength and limit of proportion- 
ality depend mainly on the composition. 
It appears that the addition of mate- 
rial, such as chromium, cobalt, uranium, 
molybdenum and vanadium adds to the 
value of steel within this range. 

The third range, which is above 1,100 
deg. F., is characterized by an abrupt 
drop in strength and proportional limit. 
The figure indicates these conditions. 
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Effect of temperature on the tensile 
properties of various chromium 
steels containing 0.3 to 0.4 
per cent of carbon 
Annealed; Heated for 45 min. at 1,650 
deg. F. (900 deg. C.), with furnace cooling. 
Quenched and Tempered; Oil quenched 
from 1,750 deg. F. (955 deg. C.), then 
tempered 45 min. at 1,250 deg. F. (675 deg. 

C.) and air cooled. 


1200 = 1400 


Deformation here is permanent for 
practical purposes, and it appears im- 
probable that commercial steel can be 
produced to withstand continuously 
fairly large loads at temperatures above 
1,200 deg. 

When large proportions of one or 
more alloy elements are added so as to 
reduce the iron content to such a low 
value that the product could hardly be 
called steel, it is possible that special 
compounds may perhaps show better 
characteristics. For service at tem- 
peratures of 1,200 deg. and above, it 
would appear necessary that iron play 
a secondary role, instead of forming 
the largest part of the composition. 

Cast steel in general behaves under 
elevated temperatures similarly to me- 
chanically worked steel. Values ob- 


tained in tests will differ materially 
from mechanically worked steel up to 
800 to 1,000 deg., but considerably less 
above this amount. 
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Microscope Aids Study of 
Corrosion 


In spite of the immense amount of 
work that has been done upon it in 
recent years, the theory of corrosion is 
still in a highly unsatisfactory condi- 
tion. In calling attention to this fact 
at the recent general meeting of the 
American Electro-Chemical Society in 
Detroit, Prof. Cecil H. Desch, of 
the University of Sheffield, England, 
stressed the advantages of studying 
corrosion under the microscope. 

One of the few things, he said, that 
has been definitely established in this 
field is that no corrosion can occur un- 
less an electrolytic system be present, 
involving a cathode, an anode and an 
electrolyte. From this it might seem 
that it would be necessary to have two 
different metals in contact in order to 
produce corrosion, but this is far from 
being the case. It is commercially im- 
possible to produce a metal so pure 
that the surface is free from local vari- 
ations, constituting electrolytic couples. 

Even where a sufficiently pure metal 
is obtained by taking extraordinary 
precautions, the mere touch of a finger 
will produce sufficient variation in the 
surface to set up a slight electrolytic 
action. For this reason, according to 
Professor Desch, advances in the funda- 
mental theory of corrosion are less 
likely to be made by chemical or 
metallurgical laboratories than by the 
physical laboratories, with their highly 
perfected technique for working in high 
vacua and for avoiding all handling of 
substances under examination. 

After the corrosion has once been 
started, the nature of the corrosion 
product has a most important influence 
on later changes. If the product is 
soluble, it is quickly removed leaving 
conditions about as before. On the other 
hand, if the product is insoluble, it may 
in some cases speed up corrosion and 
in others stop it. A good example of 
the latter is iron rust, which makes an 
excellent cathode when paired with 
iron. It is porous and conducts the 
current fairly well. For these reasons, 
when the rusting of iron has once be- 
gun it continues at an accelerated rate. 

Just the opposite is true of aluminum. 
The corrosion product is aluminum 
hydroxide, which forms a thin film as 
truly protective as a coat of varnish. 
Professor Desch discovered a similar 
action some years ago in studying brass 
condenser tubes, where the addition of 
1 per cent of tin or 2 per cent of lead 
was found to result in the production 
of a continuous protecting layer, 
greatly increasing the life of the con- 
denser tube. 

As part of his laboratory method 
Professor Desch has developed a special 
cell in which purified metal, subject to 
corrosion under standardized conditions, 
can be observed through a microscope. 





Gross income for the Ontario hydro- 
electric system for the ten months end- 
ing Aug. 31 is given as $10,894,580 by 
Sir Adam Beck, chairman of the On- 
tario Hydro-Electric Commission. The 
expenses, including allowance for sink- 
ing fund, amounted to $10,677,880, leave 
ing a net surplus of $216,700. 
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Coal Producers Acknowledge 
Competition of Fuel Oil 


That the bituminous coal industry is 
taking cognizance as never before of 
fuel-oil competition was very clearly 
indicated at the recent meeting of the 
Board of Directors of the National Coal 
Association. Not only was a program 
of research authorized, but the Board 
indicated clearly that the time has 
passed when the industry can afford 
to ignore the competition that oil is 
offering. 

In the past fuel-oil menaces have 
been caused chiefly by the high cost of 
coal. The present invasion of fuel oil 
is made possible by the low price of 
petroleum. It was brought about 
largely by the simultaneous discovery 
in 1923 of six record-breaking pools, 
Smackover, Powell, Huntington Beach, 
Santa Fe Springs, Long Beach, and 
Tonkawa. 

While the present wave of fuel-oil 
competition has lasted longer than any 
of its predecessors, the time will come 
when it will recede. In fact, there are 
signs already that production at the 
new pools is on the down grade. But 
unless constructive steps are taken to 





bring about co-operation to prevent 
over-production, a new glut of oil will 
be forthcoming before long with the 
discovery of some other field or because 
of the present significant trend of 
carrying oil production to new depths. 
Even if the United States should run 
through its reserves of flowing oil, 
there will be new floods of it from 
Mexico, from the Caribbean, from South 
America, or some other source. These 
waves of over-production will keep on 
coming. For that reason it is argued 
that men in the coal and oil industries 
should take common counsel and secure 
a revision of the antiquated laws which 
at present compel waste and over- 
production. 

Fuel oil for domestic use is quite 
another problem. The industrial user 
will turn back to coal just as quickly 
as oil ceases to be the best bargain in 
B.t.u.’s. The domestic user is discover- 
ing that oil has more than its B.t.u. 
content. It is clean and convenient. 
The thousands of householders now 
using oil will not go back to coal if 
oil prices rise. They have been spoiled 
by the simplicity of the oil burner. 
They will not burden themselves again 
with the dust and the ashes of coal in 





WE 
Power) Sl fad WZ WZ 


bit, fc 


/ Ng he 


_ He 


this day of few domestic servants. It 
will be just as hard to change them as 
it would be to wean the anthracite users 
of New England from their diet of 
stove and chestnut. The bituminous in- 
dustry must find a way to give coal the 
same convenience and cleanliness as oil 
now affords. The consensus of opinion 
is that this will not be particularly diffi- 
cult if the coal producers will stimu- 
late the necessary experimentation and 
research. 


New England States Power 
Committee Appointed 


As a further step toward the solution 
of the power problem for the industries 
of the New England States, the execu- 
tive committee of the Associated Indus- 
tries of Massachusetts has appointed 
the following standing power commit- 
tee: Frederic C. Hood, chairman, Hood 
Rubber Co.; C. C. Chesney, General 
Electric Co.; Col. B. A. Franklin, 
Strathmore Paper Co. This committee 
will carry on the work of the power 
investigating committee whose report 
on the New England power situation 
was abstracted in Power, May 6, 1924, 
page 725. 








Monday morning — Council 
meeting; Local Delegates Con- 
ference; committee meetings. 

Monday afternoon—Continua- 
tion of morning meetings and a 
public hearing of the Power Tests 


Codes. 
Monday evening—Open house. 
Tuesday morning — ‘Storage 


and Handling of Fuel Oil in In- 
dustrial Plants,’”’ by C. G. Shef- 
field and H. H. Fleming; “‘Han- 
dling Oil from Storage to Fur- 
nace,” by John R. Battle; 
“Strength and Proportions of 
Wheels, Wheel Centers and 
Hubs,” by R. Eksergian; ‘An 
Experimental Determination of 
the Coefficient of Discharge of 
a Flow-Measuring Nozzle for 
Air,” by A. J. Nicholas and J. E. 
Nicholas; “‘Test of Prosser-type 
Reciprocating Steam Engine,” by 
L. V. Ludy. 

Tuesday afternoon—Joint ses- 
sion with the American Society 
of Refrigerating Engineers; ‘‘The 
Flow of Fluids,” by W. H. 
McAdams; “A Determination of 
the Law Governing the Difference 
Between Observed and Theoreti- 
cal Temperature at which a 
Liquid Evaporates Into Another 











Tentative Program for the A. S. M. E. Meetings, 


December 1-4, New York City 


Papers of Interest to Power Plant Field 


Gas,” by W. H. Carrier and D. 
C. Linsay; ‘‘Water-Cooling Sys- 
tem Efficiency,’ by Victor J. 
Azbe; “The Zoelly Turbine- 
Driven Locomotive,” by Henry 
Zoelly; “‘The Ramsay Condens- 
ing Turbo-Electric Locomotive,” 
by H. M. Ramsay; “The Pet- 
roleum Situation in the United 
States,’”’ by Julian D. Sears. 


Tuesday evening—Presidential 
address and reception. 


Wednesday morning — “Fuel 
Oil Burning in the United States 
Navy,” by Lt. Comdr. H. G. 
Donald; “Oil Burning in Central- 
Station Service,”’ by N. E. Lewis; 
“Hazards of Industrial Oil Burn- 
ing,” by H. E. Newell; “An In- 
vestigation of Critical Bearing 
Pressures Causing Rupture in 
Lubricating Oil Films,” Lt. 
Comdr. L. N. Linsley; “High 
Pressure-Bearing Research,’ by 
Louis Illmer; ‘‘A Graphical Study 
of Journal Lubrication,” by H. A. 
S. Howarth; “The Engineering of 
National Defense,” by Assistant 
Secretary of War Dwight F. 
Davis; “Shock-Resisting Proper- 
ties of Different Compositions of 
Steel at Various Temperatures,” 


by F. C. Langenberg; “Hazards 
of Pulverized-Fuel Systems,” by 
H. E. Newell and R. Palm. 


Wednesday afternoon—Presen- 
tation of Melville bust; report on 
Steam Tables Research. 


Wednesday evening — Annual 
dinner. 


Thursday morning — “Water | 
Treatment for Continuous Steam | 
Production,” by R. E. Hall; “The 
Increase in Thermal Efficiency 
Due to Resuperheating in Steam 
Turbines,” by E. E. Blowney and 
G. B. Warren; “Review of Re- 
cent Applications of Powdered 
Coal to Steam Boilers,” by H. 
Kreisinger; ‘Recent Develop- 
ments in the Burning of Anthra- 
cite Coal,’”? by W. A. Shoudt and 
R. C. Denny. 


Thursday afternoon — “Solid- 
Injection Oil Engines,” by R. 
Hildebrand; ‘“‘The Double-Acting 
Oil Engine,”’ by Cc. ucke ; 
“Gas Turbines,” by L. S. Marks 
and M. Danilov; “Methods of 
Economic Design of Penstocks,”’ 
by H. L. Doolittle; “Intake for 
Power Plant,’ by Robert Angus; 
Lecture, “High Pressures,’’ by 
P. W. Bridgman. 
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Vital Engineering Problems 


Discussed by A. E. C. Board 


Many subjects of vital interest to the 
engineering profession were discussed 
by the members of the Administrative 
Board of the American Engineering 
Council at its meeting on Oct. 17, at the 
Western Society of Engineers’ rooms 
in Chicago. 

One of the outstanding topics pre- 
sented was that of a Department of 
Public Works, which was reported on, 
for the committee, by Gardner S. Wil- 
liams. The report stated that the bill 
which was reported for the committee, 
on a Department of Public Works, on 
June 3, by the Joint Committee on the 
Reorganization of the Executive De- 
partment “To provide for the reorgan- 
ization and more effective co-ordination 
of the executive branch of the govern- 
ment, etc.,” only partly meets the wishes 
of the engineering profession. It was 
voted to direct the committee to con- 
tinue to strive for such a Department 
of Public Works as the profession 
desires. 


WORLD CONGRESS OF ENGINEERS, 1926 


Some of the other subjects discussed 
and on which action was taken were: 

It was voted to support a resolution 
submitted by the American Institute of 
Chemical Engineers condemning the 
placing of Industrial Alcohol under the 
Prohibition Unit; A special committee 
was appointed to study the question of 
Reclamation for the purpose of for- 
mulating a course of procedure for the 
American Engineering Council to fol- 
low; a committee was appointed to 
inquire into the possible sources of in- 
formation as to the Recompenses of 
Engineers and to ascertain the cost 
of compiling a digest; the Coal Report 
was reported as ready for distribution, 
being published on a royalty basis by 
the Ronald Press for the price of $5; 
the report of the Commission on Plan 
and Scope of the World Congress of 
Engineers, which is to be held in Phila- 
delphia in 1926, authorizing the presi- 
dent to extend invitations to the other 
nations and the several states of the 
United States to participate, was ap- 
proved. 

There were present: 


Hon. James 
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Hartness, president; L. P. Alford, vice- 
president; Gardner S. Williams, vice- 
president; O. H. Koch, A. F. Ganier, 
R. M. Williamson, Arthur R. Cruse, H. 
E. Howe, S. H. McCrory, Max Toltz, 
Con M. Buck, F. R. Low; executive 
secretary, L. Wallace. 

A luncheon at which nearly 200 were 
present was tendered to the Board by 
the Western Society of Engineers at 
the Auditorium Hotel. Frederick K. 
Copeland presided, and short addresses 
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were made by president E. J. Howson, 
of the Western Society of Engineers, 
Hon. James Hartness, president of the 
American Engineering Council, and 
Fred R. Low, president of the A.S.M.E. 
and editor of Power. 

In the evening the Western Society 
of Engineers tendered a dinner at the 
Engineers’ Club, to the Administrative 
Board, at which President Howson pre- 
sided and remarks were c: ‘led for from 
many of the smaller company present. 





Kearny to Have Largest Stokers 


What are claimed to be the largest 
mechanical stokers in the world have 
recently been constructed by the Ameri- 
can Engineering Co. for the new 
Kearny Station of the Public Service 
Corp. of New Jersey. The initial in- 
stallation will include twelve 23,600 
sq.ft. B. & W. boilers, six served by 
Taylor stokers and six by Riley. One 
of the former is here shown on the 
erecting floor just prior to being 
knocked down for shipment, also a sec- 
tion through the boiler and furnace. 
It is sixteen retorts wide and thirty- 
seven tuyeres deep and 
will burn 30,000 lb. of 
coal per hour under nor- 
mal conditions. It is 
estimated that the fuel 
bed will weigh about 
70,000 lb. and 240,000 
cu.ft. of air per minute 
will be required to sup- 
port combustion. The 
furnace is 26 ft. wide, 
164 ft. deep and 17 ft. 
high from the bottom of 
the crusher rolls. 

A feature of these 
stokers is the drive, 
which consists entirely 
of spur gears. The 
planetary transmission 
system provides two 
speeds and a neutral po- 


or slowed down or stopped without 
affecting any other section. 





The Association of Polish Power 
Plants estimates that the total invest- 
ment in electric power stations in 
Poland, exclusive of transmission lines, 
is about $12,000,000, covering some 224 
plants, 57 of which are in former Prus- 
sian Poland, 142 in former Russian 
Poland and 25 in former Austrian 


Poland. On a national basis about 60 
per cent of the total power installed is 
privately owned. 





























sition, with all gears | 
constantly in mesh, 
eliminating gear shift- 
ing and clutches. This 
system permits any 
crankshaft section of the 
stoker to be speeded up 


























































































Large stokers for Kearny station of the Public Service Corp. of New Jersey 











Practical Refrigerating 
Engineers’ Program 


The National Association of Practical 
Refrigerating Engineers will hold its 
annual meeting at New Orleans, Nov. 


11-14. The tentative program has been 
announced: : 
Tuesday afternoon—‘“New Equip- 


ment, Apparatus, Processes, Etc.,” by 
H. P. Hill, New York City; “The Engi- 
neer as a Citizen,” by H. Giles Martin, 
New Orleans; “Total Heat of Am- 
monia,” by E. F. Mueller, Washington, 
a. Ss. 


Wednesday morning — “Compound 
Compression,” by Thomas _ Shipley, 
York, Pa.; “Equipment for the Manu- 
facture of Ice Cream,” by F. B. Fulmer, 
Oakland, Calif.; Address by Joseph A. 
Black, Des Moines, Iowa, president of 
National Association of Ice Industries. 


Wednesday afternoon—“Manufactur- 
ing Cost of Ice Plants,” by H. T. Whyte, 
San Francisco, Calif.; “The N.A.P.R.E. 
and the Refrigerating Industry,” by W. 
H. Motz, Chicago, Ill.; Address by F. P. 
Siebel, Chicago, Ill. 

Thursday morning—‘Ammonia Con- 
densers,” by N. H. Hiller, Carbondale, 
Pa.; “Water Treatment for Raw-Water 
Ice,” by A. S. Behrman, Chicago, II1.; 
“Cold Storage Temperatures, Humidi- 
ties, etc., by M. R. Carpenter, Chi- 
cago, Ill. 

Thursday afternoon — “Ice Plant 
Operation,” by Carl Wilkie, Chicago, 
[ll.; “Fuels and Prime Movers for Ice 
Plants,” by J. P. Greenwood, Austin, 
Tex.; “Lubrication of Refrigerating 
Machinery,” by F. W. Fryant, New 
Orleans. 

Friday morning—“What Would You 
Do If—”’; “What I Did,” (Operating 
Difficulties and Remedies) by Erle 
Ormsby, St. Louis, and C. W. Chapman, 
Detroit; “Operation of Oil Engines,” by 
A. M. Lockett, New Orleans; Address 
by R. H. Switzler, St. Louis, president 
of American Association of Ice and Re- 
frigeration. 
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Interconnection’s Legal 
Aspects Being Studied 


An intensive study is being made by 
the Department of Commerce of the 
legal aspects of electrical interconnec- 
tion. This study is expected to make 
clear the legislative steps that must be 
taken to insure the maximum develop- 
ment of interconnection and the free 
movement of power across _ state 
borders. This is one of the steps 
being taken in anticipation of a meet- 
ing of the Northeast Superpower Com- 
mittee, which will be held before the 
end of the year. 

Both at the Department of Commerce 
and at the Federal Power Commission 
there is a feeling that the effort to 
secure greater interconnection in the 
Northeast should not be allowed to lag. 
While it is true that 45 per cent of the 
lines of the utility companies in that 
area are interconnected, only 8 per cent 
of the interconnections have a capacity 
sufficient for effective interchange of 
power. 

The Federal Power Commission is 
particularly interested, since better in- 
terconnection is essential to the devel- 
opment of the available water power in 
the area. Despite the fact that the de- 
mand for power in the Northeastern 
region is increasing at a rate expected 
to result in the use of more than thirty 
billion kilowatt-hours in 1930, in addi- 
tion to that which would be required 
for railroad electrification, yet less than 
40 per cent of the region’s water-power 
resources have been developed. 

Another reason for expediting as 
much as possible the work of the 
Northeast Superpower Committee is the 
increasing need of preparation to 
supply some forty billion kilowatt- 
hours for use in railroad transportation, 
which could be used to advantage, many 
believe. 

Perhaps the principal urge behind the 
Committee is its realization of the great 
economies that could be brought about 
by early and effective interconnection 
of the two hundred utility systems in 
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the Northeast. With larger and more 
systematic high-voltage transmission 
reserve equipment could be reduced, a 
better load factor attained, and a 
higher factor of reliability insured. 


Careful River Studies 
Advocated by Merrill 


If maximum use is to be made of the 
water-power resources of all streams, 
O. C. Merrill, the executive secretary 
of the Federal Power Commission, 
points out that there must be a change 
from the present haphazard develop- 
ment to a program of careful river 
studies. Recommendations to that ef- 
fect were made in the report of the 
Roosevelt Inland Waterways Commis- 
sion in 1908 and it has been proposed 
in numerous bills introduced in Con- 
gress since. One of the more notable 
of these was that of Senator Newlands. 

None of these bills was approved 
finally, although a study along the 
lines of the Newlands proposal was 
authorized in the River and Harbor Act 
of 1917. No action was taken under 
that authority because of the exigencies 
of the war period. The passage of the 
Water Power Act led to its repeal. 
Late in the last session of Congress, 
however, Senator Ransdell of Louisi- 
ana, introduced a bill that would en- 
able the Federal Power Commission 
to undertake this long-time planning 
and make an exact inventory of the 

ewater-power resources of our streams 
along the lines which have been advo- 
eated for so long. 

While the Ransdell bill is more spe- 
cific than is the water power act, it 
conveys no additional authority to the 
Commission. It does, however, provide 
the means whereby the Commission 
may proceed with that part of the 
work which Congress intended it to do. 

In the discussion of the water power 
bill Senator Jones of Washington, the 
chairman of the committee having 
jurisdiction over it, declared that the 
legislation was intended to cover the 
studies proposed by Senator Newlands. 

There is a widely held opinion, Mr. 
Merrill points out, that our water- 
power resources are boundless. As a 
matter of fact the country now is using 
more power than the total of all de- 
veloped and undeveloped water power 
available half of the time. Developed 
and undeveloped water power available 
half of the time amounts to 55,000,000 
hv., Mr. Merrill estimates. Nearly 60,- 
000,000 hp. was used in 1923 by indus- 
tries and public utilities in addition to 
the amount employed in railroad trans- 
portation. In the Northeastern states 
water-power resources are much less 
than one-third of the power now being 
used. Another factor in the situation 
is that three-fourths of the country’s 
water-power resources are west of the 
Mississippi, whereas more than three- 
fourths of power requirements are east 
of the Mississippi. 

In Mr. Merrill’s opinion the situation 
is one that requires very careful plan- 
ning. He believes the studies should be 
begun at the earliest possible moment 
and thinks that no better use could be 
made of the charges authorized by the 
water-power act for carrying out just 

such a forward-looking purpose. 
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Hydro-Electric Progress 
in France 


French hydro-electric-power develop- 
ment is progressing favorably in seven 
geographical divisions throughout the 
country, but most of the work is being 
done in the southeast, southwest, and 
central sections. During the two years 
1922 and 1923 the horsepower of plants 
in service increased from 883,128 to 
1,039,556, and that of plants under 
construction decreased from 463,074 to 
455,524, while that of projected plants 
increased from 4,683,281 to 5,304,379, 
according to Commerce Reports. 


H. R. Towne Leaves $50,000 
to Engineering Society 


Henry Robinson Towne, engineer 
and head of Yale & Towne Manufac- 
turing Co., who died on Oct. 15, left 
$50,000 for a fund to be known as the 
“Henry R. Towne Engineering Fund” 
to the United Engineering Societies, 33 
West 39th St., New York City. The 
Franklin Institute of Philadelphia is 
to receive $10,000 in trust in memory 
of Mr. Towne’s father, John Henry 
Towne, who was actively connected 
with the Institute. The bulk of the 
residuary estate, will after the death 
of his son, be used to establish a Peace- 
ful Arts Museum for the people of the 
City of New York and $50,000 was also 
left to be used for “a campaign of 
education, news and publicity designed 
to bring prominently to public notice 
essential facts concerning the great in- 
dustrial museums of Europe.” 


| Society Affairs 


The Vancouver, Wash., Section of the 
A. I. E. E. will hear C. F. Uhden give 
a paper on “The Skagit River Power 
Development,” at its Dec. 5 meeting. 


The Pittsfield Section of the A.I.E.E. 
will hear G. Faccioli, chief engineer of 
the Pittsfield Works, G. E. Co., speak 
on “High Voltage Phenomena,” at its 
Nov. 4 meeting. 


The American Boiler Manufacturing 
Association’s Return Tubular Boiler 
Division will hold a session on Oct. 29 
at 10 am., at the Auditorium Hotel, 
Chicago, IIl. 

The Combined Associations of 
Greater New York, N.A.S.E., will hold 
their Forty-Second Anniversary Cele- 
bration at the Hotel Commodore, Nov. 
29, with a banquet and entertainment. 

The Detroit Engineering Society and 
Purdue Alumni-D.E.S. will hold a joint 
dinner meeting on Oct. 31. A. A. 
Potter, Dean of Engineering, Purdue 
University, will speak on “Problems 
and Tendencies in Education.” 
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Pumps, Centrifugal — Dayton-Dowd 
Co., Quincy, Ill. Bulletin 249 de- 
scribes, with adequate illustrations, the 
Type CS single-stage double-suction 
centrifugal pump; Bulletin 250, the 
Type CST, for house service and tank 
filling; Bulletin 252, Type SSR, auto- 











‘Trade Catalogs 








Heaters, Feed Water — Standard 


Water Systems Co., Hampton, N. J. 
Bulletin No. 103 gives a good idea of 
the arrangement of installation of these 
“SW” heaters, and other specialties 
made by this concern. 


Coming Conventions 


Association for the Ad- 

Burton E. 
Livingston, Smithsonian Institu- 
tion Washington, D. C. Meeting 
at Washington Dec. 29-Jan. 3, 
1925. 

American Ceramic Society. R. C. 
Purdy, Lord Hall, Ohio State Uni- 
versity, Columbus, Ohio. Conven- 
tion at Columbus, Ohio, Feb. 16-21. 


American Institute of Chemical En- 
gineers. Dr. John C. Olsen, Poly- 
technic Institute, Brooklyn, N. Y. 
Annual meeting at Hotel Schenley, 
Pittsburgh, Pa., Dec. 3-6. 

American Society of Mechanical En- 
gineers, Calvin W. Rice, 29 West 
39th St., New York City. Annual 
meeting at New York City, Dec. 


American i 
vancement of Science. 


American Society of Refrigerating 
Engineers. W.H. Ross, 35 War- 
ren St., New York City. Annual 
ow at New York City, Dec. 
1-3. 


American Welding Society. Miss M. 
M. Kelly, 29 West 39th St., New 
York City. Convention in Cleve- 
land, Hotel Winton, Oct. 30-31. 

Eastern Ice Manufacturers Associa- 
tion. W. H. Ross, 35 Warren St., 
New York City. Eighteenth annual 
meeting at Hotel Chelsea, Atlantic 
City, N. J., Nov. 12-14. 

Engineering Institute of Canada. 
Fraser S. Keith, 176 Mansfield St., 
Montreal, Que. Annual meeting at 
Montreal, Que., Jan. 27-29. 


Exposition of Inventions. E. W. Bart- 
lett, 47 West 34th St., New York 
City. Exposition at Engineering 
Societies Building, 29 West 39th 
St., New York City, Dec. 8-13. 

Illuminating Engineering Society. 
Norman D. MacDonald, 29 West 
39th St., New York City. Conven- 
tion at Briarcliff Lodge, Briarcliff 
Manor, N. Y., Oct. 27-31. 

Iowa KEngineering Society. 





: a 3 
Dodds, Box 202, Ames, Iowa. Con- 
vention at Des Moines, Iowa, Jan. 
27-30, 1925. 

National Association of Practical Re- 
frigerating Engineers. E. H. Fox, 
5707 West Lake St., Chicago, Ill. 
Convention at New Orleans, La., 
Nov. 11-14. Exhibits at the Isaac 
Delgado High School. 

National Exposition of Power and 
Mechanical Engineering. C. F. 
Roth, Grand Central Palace, New 
York City. Annual exposition at 
New York City, Grand Central 
Palace, Dec. 1-6. 

Society of Automotive Engineers. C. 
F. Clarkson, 29 West 39th St., New 
York City. Annual meeting at 
Detroit, Mich., Jan. 20-23. 

Society of Naval Architects and Ma- 
rine Engineers. Daniel H. Cox, 29 
West 39th St., New York City. An- 
nual meeting at 29 West 39th St., 
New York City, Nov. 13-14. 


Stoker Manufacturer Association. W. 
V. McAllister, Detroit, Mich. Fall 
meeting at Seaview Golf Club, 
Absecon (Atlantic City), Oct. 28-30. 

Western Association of Electrical In- 
spectors. G. M. Miller, 1304 South 
ith St., Louisville, Ky. Annual 
convention at the Brown Hotel, 
Louisville, Ky., Jan. 27-28. 











matic condensation pumps and receiv- 
ers; Bulletin 353, Type CSU multi- 
stage pumps; Bulletin 255, Type H52 
gas engine driven pump; Bulletin 256, 
Type H motor driven pumps. These 
bulletins are arranged for a_ loose 


binder and contain many tables and 


engineering information. 
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Transformers—General Electric Co., 
Schenectady, N. Y. “Street Lighting 
Transformers,” is the title of Bulletin 
No. 45124, which contains descriptions 
of the various types of constant current 
transformers, indoor and outdoor, pole 
or subway mounting, individual lamp 
series, cutouts, controls and protective 
devices made by the company as well 
as a table of transformer capacities. 


Belting—The New York Belting & 
Packing Co., 91-93 Chambers St., New 
York. A new catalog “Mechanical Rub- 
ber Goods,” recently issued, describes 
rubber belting hose for steam and oil, 
packing and gaskets. Tables of dimen- 
sions and weights are included. The 
catalog is cloth bound and contains 221 
pages. 

Gaskets—McCord Radiator & Manu- 
facturing Co., Detroit, Mich. “McKim 
Gaskets, Metallic and Asbestos,” is the 
title of Bulletin No. 17, which has re- 
cently been issued by this company. 
Its pages are interestingly embellished 
with free pencil drawings of installa- 
tions and machines. Tables of types of 
gaskets with dimensions and price are 
arranged for quick reference. 








Fuel Prices 





BITUMINOUS COAL 


The following table shows the trend 
of the spot steam market in various 
coals (mine run bases, f.o.b. mines): 


Market Oct. 13, Oct. 20, 
Coal Quoting 1924 1924 
re New York... $3.00 $3 00 
Smokeless....... Columbus.... 2.35 2.50 
Clearfield........ Boston...... 2.35 2.50 
Somerset........ 3oston...... 2.40 2.35 
Kanawha........ Columbus.... 1.55 1.65 
Hocking......... Columbus.... 1.75 1.65 
Pittsburgh No. 8 Clevelan 1.90 1.90 
Franklin, Ill...... Chieago..... 2.50 2.50 
Central, Ill....... Chicago..... 2.25 2.25 
Ind. 4th Vein.... Chicago..... 2.50 2.50 
ee Louisville... . 1.90 1.90 
s. Of Se Louisville... . 1.75 1.25 
Big Seam.,...... Birmingham... 1.75 1.75 


FUEL OIL 


New York—Oct. 23, light oil, tank- 
car lots; 28@34 deg. Baumé, 4c. per 
gal.; 36@40 deg. 5c. per gal., f.o.b. 
Bayonne, N. J. 


St. Louis—Oct. 14, tank-car lots, 
f.o.b. St. Louis; 24@26 deg., $1.70 per 
bbl.; 26@28 deg., $1.75 per bbl.; 28@ 
30 deg., $1.80 per bbl.; 30@32 deg., 
$1.85 per bbl.; 32@36 deg., gas oil, 4.8c. 
per gal.; 38@40 deg., 53c. per gal. 

Pittsburgh—Oct. 16, f.o.b. local re- 
finery; 30@34 deg., fuel oil, 5c. per 
gal.; 36@40 deg., fuel oil, 54c. per gal. 

Dallas—Oct. 18, f.o.b. local refinery, 
26@30 deg., $1.15 per bbl. 


Philadelphia—Oct. 16, 28@30 deg., 
$2.10@$2.15 per bl.; 18@22 deg., 
$1.871@$1.933; 13@16 deg., $1.75@ 
$1.814 per bbl. 

Boston—Oct. 20, tank-car lots, f.o.b.; 
heavy oil, 12@14 deg. Baumé, 4.2c. per 
gal.; light oil, 28@32 deg. Baumé, 5ic. 
per gal. 

Cincinnati—Oct. 14, tank-car lots 
f.o.b. local refinery, 24@26 deg. Baumé, 
5e. per gal.; 26@30 deg., 5ic. per gal.; 
30@382 deg., 54c. per gal. 

Chicago—Sept. 29, 20@22 deg., 5kc. 
per gal.; 24@26 deg., 6c. per gal.; 28@ 
30 deg., 6c. per gal. 
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New Plant Construction 











Ark., Conway—Terry Dairy Co., 18th 
and Scott St., Little Rock, is having pre- 
liminary plans prepared for the construc- 
tion of a creamery and cheese factory, to 


be equipped with 25 ton refrigerator ma- 
chinery and other equipment for manufac- 
turing cream cheese, butter and ice cream. 
estimated cost $50,00U. Private plans. 


Calif., El Centro — The City J. S&S. 
Loobourow, Clk. will receive bids until 
Nov. 19 for 2 dual drive and 2 electric 
motor drive centrifugal pumping units, 1 
vertical centrifugal sump pump complete 
and 1 switch board. 

Calif., Los Angeles—The City is receiv- 
ing bids for pumping engines for water- 
works. Spec. 1017. 


Calif., Los Angeles — Hellman _ Com- 
mercial Trust & Savings Bank, 6th and 
Main Sts., awarded the contract for the 


eonstruction of a 13 story office and bank 
building on Hollywood Blvd. and Cherokee 
Ave., estimated cost $1,500,000. Complete 
refrigeration system will be installed. 

Calif., Los Angeles—Osteopathic Sani- 
tarium, Ine., c/o Stromwell, Halperin Co., 
Archts., 1007 South Grand Ave., is having 
plans prepared for the construction of a 
5 story hospital on Temple St., estimated 
cost $500,000. 


Calif., Los Angeles— The Public Serv- 
ice Comn., J. P. Vrooman, Secy., will re- 
ceive bids until Oct. 31 for three 10,000 
kva. transformers, specification P-313. 

Calif., Los Angeles—C. E. Taberman Co., 
6780 Hollywood Ave., is having plans pre- 
pared for the construction of a 6 story 
office and theatre building on Hollywood 
Blvd., including complete refrigerating sys- 
tem, estimated cost $1,200,000. G. A. Lands- 
burgh, 700 Hillstreet Bldg., is architect. 

Calif., Modesto—The City, H. E. Gragg, 
Clk., plans to purchase two 15 kva. 2300 v. 
6.6 amp. 60 cycle constant current trans- 
formers. 

Calif., Oakland—T. Carney, 1970 Broad- 
way, plans the construction of a 10 story 
areade building on Broadway. 


Calif., Oakland—Central National Bank, 
will receive bids until Nov. 1 for the con- 
struction of a 17 story office building at 
Broadway and 14th Sts., estimated_ cost 
$1,500,000. G. W. Kelham, Sharon Bldg., 
San Francisco, is architect. 


Calif., Oakland — County of Alameda is 
having plans prepared for the construction 
of a power house in connection with High- 
land hospital project. H. H. Meyers, Kohl 
Bldg., San Francisco, is architect. 


Calif., Santa Monica—Edgewater Club, 
R. J. Connors, had plans prepared for the 
construction of a 7 story club house at 
Pico Blvd., and Appian Way, including 
swimming pool 50 x 150 ft. and 
gymnasium, also refrigerating and steam 
heating system, estimated cost $650,000, 
H. CC. Howard, 3422 Hermora Ave., 
Hermora Beach, is architect. 


Calif., Tracy—Banta-Carbona Irrigation 
Dist., will receive bids until Nov. 12 for 
four 667 kva. and three 500 kva., oil 
insulated, self-cooled, outdoor type, 60-cycle, 
single-phase transformers. W. D. Harring- 
ton is engineer for the District. 


Ill., Woodriver — The bond election for 
water works and distribution system in- 
cluding pumps and a Diesel engine, has 
been postponed from Oct. 4 to April 21, 
1925. 

Ia., Cedar Rapids—Hubbard Ice & Coal 
Co., 700 North Ist St., awarded the con- 


tract for the construction of an ice plant, 
estimated cost $40,000. 


La., Amesville—Celotex Co., is having 
preliminary plans prepared for the con- 
struction of a 1 and 2 story woodworking 
plant, including machinery, power equip- 
ment, ete, to manufacture board from 
sugar cane. Plans to raise capacity of 
plant from 350,000 board ft. of celotex to 


1,000.000 ft. per day. Private_plans. 


La., New Orleans—The Bd. of Port Com- 
missioners, J. H. Walsh, Gen. Megr., Dock 
Board, Suite 200, New Court House Bldg., 
will receive bids Oct. 30 for 3 electric or 
hydraulic freight elevators for use at the 
Public Cotton Warehouse. Two 20,000 
Ibs. and one 6,000 Ibs capacity. 





La., Sterlington — Arkansas Light & 
Power Co., Pine Bluff, Ark., plans the con- 
struction of a power plant, ultimate capa- 
city 125,000 kw. or more and will be 
operated in conjunction with hydro-elec- 
tric development on Ouachita River in 
Ark. Equipment to include two 15,000 kw. 
94% power factor steam turbines with 
surface condensers, three 1300 hp. boilers, 
ete. Ford, Bacon & Davis, 115 Broadway, 
New York, are engineers. 


Mass., Boston—Park Square Real Estate 
Trust Co., 131 State St., representing 
owner, plans the construction of 6 ware- 
houses and a power house on Auburon Rd. 
and Brookline Ave., estimated cost $7,- 
000,000. Lockwood, Green & Co., 24 Fed- 
eral St., are engineers. 


Mass., Boston—Snyder & Ruker, 18 Tre- 
mont St., plans the construction of a 14 
story office and manufacturing building 
“ Washington and Kneeland St. Private 
plans. 


Mo., Hartville—The City plans to pur- 
chase one 18 kw., 220 v., 3 phase generator 
and switchboard and water wheel to 
operate under a 12 ft. head. Alexander 
Engineer Co., 517 Woodruff Bldg., Spring- 
field, is engineer. 


N. H. Tilton—Tilton Seminary plans the 
construction of a boiler plant, estimated 
cost $40,000. A. S. Kellogg, 89 Franklin 
St., Boston, Mass., is engineer. 


N. J., Newark—H. R. VanDuyne, c/o 
Kelley & Tuttle, architects and engineers, 
244 Madison Ave., is having plans prepared 
for the construction of an 8 story apart- 
ment house at Mt. Prospect and Second 
Aves., estimated cost $700,000. 


N. J., Trenton—Board of Commissioners, 
Municipal Bldg., is receiving bids until 
Oct. 31 for the construction of a sewage 
treatment works, including installation of 
pumps, motors, generators, ete. A. A 
Gregory, Municipal Bldg., Engineer of 
sewers, G. A. Johnson & G. L. Watson, 159 
Nassau St., New York, Associated Consult- 
ing Engineers. 


N. Y., Buffalo—R. W. Werner, Pruden- 
tial Bldg., is having preliminary plans pre- 
pared for the construction of a story 
apartment house on Main St., cost will 
exceed $500,000. 


N. Y¥., New York—G. Keister, architect 
and engineer, 56 West 45th St., is prepar- 
ing plans for the construction of a 9 story 
apartment house at 14 Bast 98th St., 
estimated cost $650,000. Owner’s name 
withheld. 


N. Y., New York—R. T. Lyons, 342 Madi- 
son Ave., Archt., representing owner, is 
preparing plans for the construction of a 
16 story apartment house at 76th St. and 
Broadway, estimated cost $2,000,000. 


N. ¥., New York—J. McCutcheon & Co., 
34th St. and 5th Ave., is having plans pre- 
pared for the construction of a 12 story 
department store at 49th St. and 5th Ave., 
estimated cost $3,500,000. Starrett & Van 
Vleck, 8 West 40th St., are architects and 
engineers. 


N. Y., Springville—J. P. Healy, is in the 


market for a 100 to 150 hp. natural gas 
engine, with direct connected generator. 


N. C., Goldsboro—Goldsboro Hotel Co. 
awarded the contract for the construction 
of an 8 story hotel to J. W. Stout, San- 
ford, $500,000. 


O., Alliance—The City is having plans 
prepared for an addition to pump house, 
including equipment, estimated cost $250,- 
000. G. Gascoigne, 648 Leader News 
Bldg., Qleveland, is engineer. 

Okla., Blackwell—R. W. Porter, is having 
preliminary plans prepared for the con- 
struction of an electric light, power and 
ice plant. Private plans. 


Okla., Hanna—Haines Light & Power Co., 
Fort Worth, Tex., voted a $45,000 bond 
issue for an electric light plant and 10 
miles of transmission lines to serve the 
towns of Vernon and Indianola. The plant 
= be built by force account on day labor 
plan. 


Okla., Idabel—The City plans an elec- 
tion on Nov. 12 to vote a 45,000 bond issue 
for water filtration plant, including 2 








motor driven centrifugal pumps, motors 
and meters. V. - Long & Co., 1300 
Colcord St., Oklahoma City, are engineers. 


Pa., East Berlin—The City plan an elec- 
tion on Nov. 4 to vote an $8,000 bond issue 
for a waterworks, pumping equipment and 
drilling well. 


Pa., Morrisville—The City Council, T. B. 
Stockham, Mayor, will receive bids until 
Nov. 1 for electrical equipment for pump- 
ing station including motor, pump and 
engine, estimated cost $10,000. 


R. I., Slocum — State Public Welfare 
Comn., Room 18, State House, Providence, 
is receiving bids for the construction of 
a refrigeration plant for Exeter School. 
Private plans. Former bids rejected. 


Tenn., Knoxville—Catholic Diocese, Rt. 
Rev. A. L. Smith, Bishop, Nashville, plans 
the construction +f a hospital, estimated 
cost $500,000. Architect not selected. 


Tenn., Nashville—Consolidated Engineer 
& Construction Co., & Foor Hotels Co., 
Calvert Bidg., Baltimore, Md., plans the 
construction of a 12 story, 500 room hotel 
at 8th and Church Sts., estimated cost 
$3,500,000. 


Tex., Kerrville—T. V. Lawson & S. East- 
land, plan the conversion of the Kerrville 
Roller Mills into an ice and cold storage 
plant, ice plant to be 40 ton capacity. 
Owners will purchase equipment. 


Tex., Pt. Lavaca — The City is having 
plans prepared for water works improve- 
ment, consisting of artesian wells, pumping 
plant, distribution system, tank and tower; 
alternate of dam on Lynn Bayou, filtration 
plant with pumping plant, ete ‘Terrell 
Bartlett, Engrs., 612 Calcasieu Bldg., San 
Antonio are engineers. 


.Wash., Yale—North Western Electric Co., 
Pittock Blk., q Merwin, Vice-Pres., 
Portland, Ore., is having plans prepared 
for the construction of a dam, 140 ft. high, 
490 ft. long, on the North Fork of Lewis 
River, 2 miles south of here, to develop 
60,000 hp. Two 20,000 hp. turbo electric 
generators to be built now, with housing 
and foundation for a 8rd unit; a power 
line to Portland, Ore., will probably be 
built in 1925. Estimated cost $4,000,000. 
Private plans. Owner will purchase two 
20,000 hp. turbo electric units and 60 
miles of high tension line material, etc. 


Wis., Kewaunee — J. Svoboda, awarded 
the contract for the construction of a 2 
story factory and a boiler house to R. 
Gusex Kewaunee, estimated cost $50,000. 


Wis., Manitowoc—Holy Family Hospital, 
Route 1, awarded the contract for the con- 
struction of a boiler house and laundry to 

W. Deflein, 86 Michigan Ave., Mil- 
waukee, estimated cost $55,000. Owner 
in the market for boilers, engines, etc. 


B. C., Vancouver—Fraser Valley Milk 
Producers Association, 8th Ave., and Yukon 
St., will soon receive bids for the construc- 
tion of a dairy building, garage and stable, 
total estimated cost $131,500, a utility plant 
at Chilliwack, cost $36,000. Owner is 
receiving bids on refrigeration plant and 
installation at Vancouver, cost $11,000; 

00 hp. boilers, power plant and milk 
powder plant equipment, ete., at Chilliwack, 
cost $28,000 and $40,000 respectively. P. P 
Brown, 410 London Bidg., is engineer. 

N. B., St. John—The City will receive 
bids until Oct. 30 for 2 grain conveyor 
galleries with belts and machinery, includ- 
ing two 35 hp. and two 50 hp. motors, etce., 
estimated cost $140,000. 


Ont., Atlanta—Russell Hotel Co., Sparks 
St., will soon receive oids for the construc- 
tion of a 10 story hotel, estimated cost $1,- 


is 


000,000. H. Foches is resident engineer, 
Ont., Belle River — Canadian National 
Railroad & Wabash Railway, St. Thomas, 


are having plans prepared for the construc- 
tion of an electrical pumping station. Two 
electrical pumps to be installea, estimated 
cost $25,000. W. H. Tool, c/o Canadian 
National Railroad, St. Thomas, is engineer. 
Owner is interested in prices of all equip- 
ment. 

Ont., Hamilton— W. L. McFaul, City 
Hall, Engr., is preparing plans for inter- 
cepting sewers with pumping etation and 
regulating chambers, estimated cost §423,- 
000. Bylaw to be voted on in January. 








